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CHAPTER 1:  INTRODUCTION

1.1 PURPOSE OF DOCUMENT

This preliminary Technical Support Document (TSD) is a “stand-alone” report that provides
the technical analyses and results in support of the information presented in the Supplemental
Advance Notice of Proposed Rulemaking (ANOPR) for central air conditioners and heat pumps (xx
FR xxx, November 24, 1999).  This preliminary TSD also complements the preliminary engineering,
life-cycle cost (LCC) and payback period, and national energy savings (NES) results that were
originally posted on the Department of Energy’s web site on August 24, 1999.  

1.2 OVERVIEW OF APPLIANCE STANDARDS

Part B of Title III of the Energy Policy and Conservation Act, Public Law 94-163, as
amended by the National Energy Conservation Policy Act, Public Law 95-619, the National
Appliance Energy Conservation Act of 1987, Public Law 100-12, the National Appliance Energy
Conservation Amendments of 1988, Public Law 100-357, and the Energy Policy Act of 1992, Public
Law 102-486, (the Act or EPCA), created the Energy Conservation Program for Various Consumer
Products other than Automobiles.  42 U.S.C. 6291-6309.  As part of the energy conservation
program for consumer products, the National Appliance Energy Conservation Act (NAECA) of 1987
amended the Act to provide energy conservation standards for 12 of the 13 types of consumer
productsa covered by the Act, and authorizes the Secretary of Energy to prescribe amended or new
energy standards for each type (or class) of covered product.  EPCA, section 325(d), 42 U.S.C. 6295
(d).
 

Before the Department determines whether to adopt a proposed energy conservation standard
it must first solicit comments on the proposed standard.  EPCA, Section 325 (p), 42 U.S.C. 6295 (p).
Any new or amended standard must be designed so as to achieve the maximum improvement in
energy efficiency that is technologically feasible and economically justified.  EPCA, Section
325(o)(2)(A), 42 U.S.C. 6295 (o)(2)(A). To determine whether economic justification exists the
Department must  review comments on the proposal and determine that the benefits of the proposed
standard exceed its burdens based to the greatest extent practicable, weighing the following seven
factors:

(1) The economic impact of the standard on the manufacturers and on the consumers of
the products subject to such standard;
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(2) The savings in operating costs throughout the estimated average life of the covered
product in the type (or class) compared to any increase in the price, initial charges,
or maintenance expenses for the covered products that are likely to result directly
from the imposition of the standard;

(3) The total projected amount of energy, or as applicable, water, savings likely to result
directly from the imposition of the standard;

(4) Any lessening of the utility or the performance of the covered products likely to
result from the imposition of the standard;

(5) The impact of any lessening of competition, as determined in writing by the Attorney
General, that is likely to result from the imposition of the standard;

(6) The need for national energy and water conservation; and

(7) Other factors the Secretary considers relevant.

1.3 OVERVIEW OF CENTRAL AIR CONDITIONER AND HEAT PUMP STANDARDS

NEACA required the Department to publish final rules by January 1, 1994, to determine if
the standards for central  air conditioners and central air conditioning heat pumps should be
amended.  The Act provided that any amendment to the standards for the seasonal energy efficiency
ratio (SEER) would apply to products manufactured five years after the rulemaking.  Any
amendment to the standards for the heating seasonal performance factor (HSPF) would apply to
products manufactured eight years after the rulemaking.  The Act also requires the Department to
publish a subsequent final rule no later than January 1, 2002.

In 1992, the Department initiated engineering and LCC studies for central air conditioners
and heat pumps based on use of  computer simulation models. An ad hoc working group was formed
to advise the Department and to provide engineering and  test data to use with the computer models.
The working group, which included representatives from central air conditioner and heat pump
manufacturers, the Air Conditioning & Refrigeration Institute (ARI), Lawrence Berkeley National
Laboratory (LBNL), and Oak Ridge National Laboratory (ORNL), also provided production cost data
for establishing the cost-effectiveness of the various design options selected for study. 

On September 8, 1993, the Department published an Advance Notice of Proposed
Rulemaking (ANOPR) (58 FR 172, September 8, 1993) which discussed the number of product
classes and design options, the computer simulation models, and the methodologies which the
Department intended to use in its analysis of increased energy efficiency standards for central air
conditioners and heat pumps. After the ANOPR was issued, the Department continued its analysis
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of LCCs, payback periods, and preliminary NES which were shared with representatives from the
air-conditioning industry.

In 1995, the Department abandoned the approach of using computer simulation models as
a result of concerns expressed by the industry. The concerns included: the cost/performance relations
derived from the computer simulations were not consistent with the experience of the industry; the
assumptions and procedures were flawed; and the industry expressed doubts over the Department’s
experience with selection of appropriate design options.  

In October, 1995, a moratorium on proposing, issuing, or prescribing energy conservation
standards took effect pertaining to standards for central air conditioners and heat pumps, and the
dialogue between the air-conditioning industry and the Department, on the analysis performed, was
suspended.

During consideration of the fiscal year 1996 appropriations, there was considerable debate
about the efficacy of the standards program.  The Department of the Interior and Related Agencies
Appropriations Act for Fiscal Year 1996 included the aforementioned moratorium on proposing or
issuing energy conservation appliance standards for the remainder of Fiscal Year 1996.  See Pub. L.
104-134.  Congress advised DOE to correct the standards-setting process and to bring together
stakeholders (such as manufacturers and environmentalists) for assistance.  In September 1995, the
Department announced a formal effort to consider further improvements to the process used to
develop appliance efficiency standards, calling on manufacturers, energy efficiency groups, trade
association, state agencies, utilities and other interested parties to provide input to guide the
Department.  On July 15, 1996, the Department published a Final Rule: Procedures for Consideration
of New or Revised Energy Conservation Standards for Consumer Products (hereinafter referred to
as the Process Rule).  (61 FR 36974, July 15, 1996).

The Process Rule outlines the procedural improvements identified by the interested parties.
The process improvement effort included a review of the: 1) economic models, such as the
Manufacturer Analysis Model and Residential Energy Model; 2) analytical tools, such as the use of
a Monte Carlo sampling methodology; and 3) prioritization of future rules.  The Process Rule
requires the evaluation of uncertainty and variability by doing scenario or probability   analysis (as
detailed in the Process Rule, 10 CFR  part 430, Subpart C, Appendix A §§ 1(f), 4(d)(2), and
10(f)(1)).  In addition, an Advisory Committee on Appliance Energy Efficiency Standards, consisting
of a representative group of these interested parties, was established to make recommendations to
the Secretary regarding the implementation of the Process Rule. 

The Process Rule is applicable to the rulemaking to develop new central air conditioner and
heat pump standards.  The rulemaking process is dynamic.  If timely new data, models or tools that
enhance the development of standards become available, they will be incorporated into the
rulemaking.  For example the Advisory Committee has made several recommendations and the
Department has developed new models for the determination of life-cycle costs (LCC) (Chapter 5),
shipments (Chapter 6), and national energy savings (NES) and net present value (NPV) (Chapter 7).
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In addition there are plans to use new models for the manufacturer impact analysis (Chapter 8), net
national employment analysis (Chapter 7), utility impact analysis (Chapter 11), and environmental
assessment (Chapter 12).  As just noted, all these models are discussed and presented in this
preliminary TSD.

The Department held a workshop on June 30, 1998 to discuss the analytical framework that
was being proposed for conducting the central air conditioner and heat pump rulemaking.  The
analytical framework presented at the workshop described the different analyses (e.g., the LCC,
payback and national impact analyses) to be conducted (Table 1.1), the methods proposed for
conducting them, and the relationship among the various analyses. 

Table 1.1  Central Air Conditioner and Heat Pump Analyses under Process Rule
ANOPR NOPR Final Rule

Screening Analysis Revised Pre-ANOPR Analyses
(LCC and National Impacts
Analyses)

Revise Analyses (LCC and
National Impacts Analyses)

Engineering Analysis Consumer Sub-group Analysis

LCC Analysis Industry Cash Flow Analysis
(GRIM)

Preliminary National Impacts
Analysis

Manufacturer Impact Analysis

Utility Impact Analysis

Environmental Analysis

A number of concerns were raised at the framework workshop relating to the application of
the Process Rule to the central air conditioner and heat pump rulemaking, with particular emphasis
on (1) the appropriate approaches for conducting the Engineering Analysis, (2) how to validate
manufacturer cost figures submitted by ARI, (3) methods for developing consumer equipment price
data, and (4) how non-regulatory issues, e.g., the phase-out of hydrofluorochlorocarbon (HCFC)
refrigerants might affect the effective date of any new standards.

In response to the concerns and comments of interested parties at the Framework Workshop,
the Department decided to perform the Engineering Analysis based on the efficiency-level approach
rather than the design option approach, using cost data submitted by manufacturers in aggregate via
their trade association, ARI.  The Department also decided to utilize a reverse engineering approach
as a “stand alone” analysis for developing manufacturer costs and validating the ARI-provided
manufacturer’s cost data.  Both approaches are discussed in detail in the Engineering Analysis
(Chapter 4). 

As part of the information gathering and sharing process, the Department and its contractors
met several times with members of the ARI Unitary Equipment Regulatory Committee, presenting
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the preliminary manufacturer costs developed through the reverse engineering approach and
demonstrating the LCC spreadsheet model.  During this time period, ARI submitted relative
production cost data for the four different product classes of central air conditioners and heat pumps
(split system and single package for both air conditioners and heat pumps) for 3-ton capacity systems
at various efficiency levels. Efficiency levels are defined differently for air conditioners and for heat
pumps. Air conditioner efficiency is defined by the descriptor, Seasonal Energy Efficiency Rating
(SEER). Heat pump efficiency is defined by the descriptor, Heating Season Performance Factor
(HSPF) while operating during the heating season and by SEER while operating during the cooling
season. The cooling season efficiencies provided by ARI ranged  from 11 to 15 SEER.  The
individual manufacturers provided their costs, which they had normalized to 10 SEER equipment
costs, to ARI.  ARI aggregated the individual manufacturers’ costs and provided the Department
with minimum, maximum and shipment-weighted mean values. 

As will be discussed  in the Engineering Analysis, the ARI-provided and the reverse
engineering manufacturer costs overlap considerably, especially at the lower efficiency levels in the
split air conditioning class and in the middle efficiency levels of the split heat pump class.  For the
most part, the range between ARI’s minimum and mean manufacturer costs completely encompasses
the range between minimum and maximum reverse engineering costs.  This agreement is
encouraging given the levels of uncertainty and variability involved in estimating representative
manufacturer costs under different efficiency baselines across a diverse industry. These areas of
convergence provide an excellent indication of the most likely costs of producing equipment
utilizing today’s technology under new standard levels.  

Although the two sets of manufacturer costs do overlap, they disagree in some respects.  In
particular, there are significant differences in the breadth of the manufacturer cost distributions at
each efficiency level.  The Department assumes that vigorous competition in the market for
minimum-efficiency equipment will compel manufacturers to meet new standards at similar
incremental manufacturer costs, and that the market cannot sustain as broad a range of costs as ARI’s
results may imply.  Furthermore, the Department was unable replicate ARI’s maximum manufacturer
costs without altering the underlying assumptions beyond what those currently considered justified.

The Department and ARI have worked diligently to identify possible sources of those
discrepancies.  The Department sincerely appreciates ARI’s and its members’ dedicated participation
in the Engineering Analysis.  Their relative manufacturer costs provide a solid foundation for further
analysis, and their frequent review of and input to our validation effort is a valuable addition to our
understanding of the production and design issues associated with meeting higher standards.  The
Department intends to work with ARI to understand the remaining differences between the two sets
of manufacturer costs.

With regard to the LCC, payback, and preliminary national impact analyses, three new
spreadsheet tools were developed for this rulemaking in an effort to meet the objectives of the
Process Rule.  The first spreadsheet calculates LCC and payback.  The second spreadsheet calculates
impacts of standards at various levels on shipments.  The third spreadsheet calculates the NES and
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national net present values (NPV) at various standard levels.  These spreadsheets and the results of
the preliminary analysis were posted on the Department’s web site on August 24, 1999.  The
preliminary results posted on the web consisted of two sets of data: one set based on the
manufacturer costs submitted by ARI and the other set based on manufacturer costs developed
through reverse engineering.  The Department suggested that it be immediately notified of any
significant errors in the web site materials for correction, and that any other comments be submitted
during the 75 day period following publication of the Supplemental ANOPR.  One note, due to the
use of incorrect heat conversion rates and average marginal energy prices, the NES spreadsheets have
been revised and versions correcting the above errors have been or will be distributed to interested
parties.

The Department has reviewed the recommendations made by the Advisory Committee on
Appliance Energy Efficiency Standards on April 21, 1998.  (Advisory Committee, No. 96)  These
recommendations relate to using the full range of consumer marginal energy rates (CMER) in the
LCC Analysis (replacing the use of national average energy prices), defining a range of energy price
futures for each fuel used in the economic analyses and defining a range of primary energy
conversion factors and associated emission reductions, based on the electricity generation displaced
by energy efficiency standards for each rulemaking.  The Department has incorporated the use of
consumer marginal energy rates and a range of future energy prices for the analysis that was
conducted for the Supplemental ANOPR. The Department plans to incorporate the recommendations
on energy conversion factors in future analyses for the Notice of Proposed Rulemaking (NOPR).

The analytical approaches outlined in this preliminary TSD are provided in order to solicit
comments from stakeholders on the proposed approaches to be used in this rulemaking.  Alternative
approaches can be explored or proposed approaches can be modified and refined. 

1.4 STRUCTURE OF THE DOCUMENT

This preliminary TSD consists of twelve Chapters and six Appendices.

Chapter 1 Introduction: provides an overview of the appliance standards program and how it
applies to the central air conditioner and heat pump rulemaking, and outlines the
structure of the document.

Chapter 2 Analytical Framework: describes the new rulemaking process step-by-step.

Chapter 3 Screening Analysis: characterizes the relevant product markets and existing
technology options including prototype designs.

Chapter 4 Engineering Analysis: contains detailed efficiency and cost information including
methods for determining manufacturer costs.  Also discussed are the methods for



1-7

establishing mark-ups for converting manufacturer costs to consumer equipment
prices.

Chapter 5 Life-Cycle Cost and Payback Period Analysis: describes the effects of standards on
individual purchasers and users of the appliances.  It compares the life-cycle cost of
appliances and other measures of consumer impact with and without the proposed
standards.

Chapter 6 Shipments Analysis: describes the methodology for forecasting shipments using a
sophisticated accounting model. Decisions that are economically influenced are
modeled with econometric equations.

Chapter 7 National Impacts Analysis: describes national forecast of energy consumption,
efficiency of new units, units installed in households and annual equipment sales in
the absence (or presence) of new regulations.  Indirect employment impacts are also
evaluated.

Chapter 8 Consumer Analysis: describes the affect on the utility and performance of more
efficient central air conditioners and heat pumps as experienced by consumers.
Evaluates the attributes of central air conditioners and heat pumps, or what
consumers value in a central air conditioner or heat pump  Also evaluated is the
effect of standards on subgroups such as different household income levels.

Chapter 9 Manufacturer Impact Analysis: describes the financial impact on manufactures.

Chapter 10 Utility Impact Analysis: determines the decrease in electricity needed and the primary
energy source for electricity generation.

Chapter 11 Environmental Assessment: determines the reduction in emissions due to higher
efficiency standards.

Chapter 12 Regulatory Impact Analysis: analysis impact of non-regulatory alternatives to
standards.

Appendix A Approach for Uncertainty and Variability

Appendix B Detailed Production Costs

Appendix C Reverse Engineering Technical Description

Appendix D Life-Cycle Cost and Payback Period Results

Appendix E National Energy Savings Results
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Appendix F Government Regulatory Impact Model (GRIM)
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CHAPTER 2:  ANALYTICAL FRAMEWORK

In prescribing new or amended energy efficiency appliance standards, the Department must
achieve the maximum improvement in energy efficiency that is technologically feasible and
economically justified.  This chapter provides a description of the general analytical framework used
by the Department in developing standards and assessing the impacts for all products. This chapter
also provides a description of those aspects of the framework specific to central air conditioners and
heat pumps.  The analytic framework essentially is a description of the methodology, the analytical
tools, and the relationship between the various analyses conducted as part of a rulemaking.  A
diagram of the general analytical framework is shown in Figure 2.1.  

The analyses performed in the general analytic framework include:

C A Preliminary Market and Technology Assessment to characterize the relevant product
markets and existing technology options including prototype designs. (Subtask 1 in Fig. 2.1)

C A Screening Analysis to review each technology option and determine if it is practicable to
manufacture, install and service, would adversely impact product utility or product
availability, or would have adverse impacts on health and safety. (Subtask 2 in Fig. 2.1)

C An Engineering Analysis to determine the maximum technologically feasible energy
efficiency level and to develop cost-efficiency relationships that show the manufacturer’s
cost of achieving increased efficiency. (Subtask 3 in Fig. 2.1)

C A Life-Cycle Cost and Payback Period Analysis to calculate, at the consumer level, the
discounted savings in operating costs (less maintenance and repair costs) throughout the
estimated average life of the covered product compared to any increase in the installed cost
for the product likely to result directly from the imposition of the standard. (Subtask 5 in Fig.
2.1)

C A Preliminary National Impacts Analysis to assess the aggregate impacts at the national level
of consumer payback, net present value (NPV) of total consumer life-cycle cost, national
energy savings, and national employment. (Subtask 8 in Fig. 2.1)

C A Consumer Analysis to evaluate variations in household characteristics (e.g., energy prices,
appliance use behavior, installation costs) that might cause a standard to impact particular
consumer sub-populations such as low-income households differently than the overall
population. (Subtask 10 in Fig. 2.1)

C A Manufacturer Impact Analysis (MIA) to estimate the financial impact of standards on
manufacturers and to calculate impacts on competition, employment, and manufacturing
capacity. (Subtask 11 in Fig. 2.1)

C A Utility Analysis to estimate the effects of proposed standards on electric utilities. (Subtask
12 in Fig. 2.1)

C An Environmental Analysis to provide estimates of changes in emissions of pollutants (sulfur
and nitrogen oxides and carbon dioxide). (Subtask 13 in Fig. 2.1)

C A Regulatory Impact Analysis to present major alternatives to proposed standards that could
achieve substantially the same regulatory goal at a lower cost. (Subtask 14 in Fig. 2.1)
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2.1 BACKGROUND

As described in Chapter 1, in September, 1995, the Department announced a formal effort
to consider further improvements to the process used to develop appliance efficiency standards;
calling on energy efficiency groups, manufacturers, trade associations, state agencies, utilities and
other interested parties to provide input to guide the Department.  On July 15, 1996, the Department
published a Final Rule: Procedures for Consideration of New or Revised Energy Conservation
Standards for Consumer Products (hereinafter referred to as the Process Rule).  61 FR 36974.  The
Process Rule outlined the procedural improvements identified by the interested parties.  The process
improvement effort also included a review of the:  1) economic models; 2) analytical tools; 3)
methodologies; 4) non-regulatory approaches; and 5) prioritization of future rules.  The Department
will also take into account uncertainty and variability by doing scenario or probability analysis. A
detailed discussion of variability and uncertainty is provided in Appendix A.

The Department developed the analytical framework for the central air conditioner and heat
pump rulemaking in response to stakeholder concerns regarding the application of the Process Rule.
This analytical framework was presented during a central air conditioner and heat pump workshop
held on June 30, 1998.  The following sections provide a general description of the different
analytical components of the rulemaking framework. 

2.2 PRELIMINARY MARKET AND TECHNOLOGY ASSESSMENT

The preliminary market and technology assessment characterizes the relevant product
markets and existing technology options including prototype designs.  Although a detailed market
and technology assessment was not developed for this preliminary TSD on central air conditioners
and heat pumps, elements of the assessment were conducted and are discussed

2.2.1 Market Assessment

When initiating a standards rulemaking, the Department develops information on the present
and past industry structure and market characteristics of the product(s) concerned.  This activity
consists of both quantitative and qualitative efforts to assess the industry and products based on
publicly available information.  Issues to be addressed include:  1) manufacturer market share and
characteristics;  2) trends in the number of firms; 3) the financial situation of manufacturers; 4)
existing non-regulatory efficiency improvement initiatives; and 5) trends in product characteristics
and retail markets.  The information collected serves as resource material  to be used throughout the
rulemaking.

Manufacturer market share and characteristics of the central air conditioner and heat pump
market are outlined in Chapter 4.3, Distribution Markups.  As discussed in that section, roughly two
dozen equipment manufacturers, several hundred distributors, and more than 30,000 dealers operate
in the United States. Due to a wave of consolidation over the last 15 years, the top eight
manufacturers control 97 percent of the market.  Most remaining manufacturers produce such
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products as indoor coils or niche product lines.   For more details on trends in the retail market, refer
to Section 4.3.

2.2.2 Technology Assessment

Information relative to existing technology options and prototype designs are used as inputs
to the screening analysis.  In consultation with interested parties, the Department develops a list of
design options for consideration.  All technologically feasible design options are candidates in this
initial assessment.

As described in Chapter 4.3, commonly utilized technologies that improve the efficiency of
central air conditioners and heat pumps include: 1) increased coil face areas and depth, 2) multiple
speed fan motors or blower motors, 3) variable (or multiple) speed or capacity compressors or dual
compressors, 4) thermostatic or electronic expansion valves, 5) improved air flow and fan designs,
and 6) increased  efficiency compressors (scroll, advanced reciprocating).  

As described in Chapter 4.5, several emerging technologies were reviewed and analyzed for
central air conditioners and heat pumps.  These included advanced variable speed controls,
microchannel heat exchangers, and advanced compressors.  Although these emerging technologies
were not considered to be commercially available, their potential impact on reducing the cost of 3-
ton split system air conditioners were analyzed.

2.2.3 Preliminary Base Case Shipments Forecast

The Department develops a base case forecast of product shipments in the absence of new
standards.  This forecast requires an assessment of the impacts of past and existing non-regulatory
efforts by manufacturers, utilities and other interested parties.  DOE considers information on the
actual impacts of such initiatives to date, and also considers information presented regarding the
possible impacts that any existing initiatives might have in the future.  Such information could
include a demonstration of the steps manufacturers, distribution channels, utilities or others will take
to realize such voluntary efficiency improvements.

The base case shipments forecast is used as input to the national impacts analysis, in which
a forecast of annual shipments and their weighted average energy efficiency is needed to the year
2030.  The base case shipments forecast for central air conditioners and heat pumps is detailed in
Chapter 6.

2.3 SCREENING ANALYSIS

The screening analysis reviews various technologies with regard to whether they:  a) are
technologically feasible; b) are impracticable to manufacture, install and service;  c) have an adverse
impact on product utility or product availability; and d) have adverse impacts on health and safety.
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The screening analysis establishes product classes, baseline units, and efficiency levels (or
combinations of design options) for further analysis.  Chapter 3 provides an overview on the
screening of design options for central air conditioners and heat pumps while Chapter 4 provides a
discussion on product classes and baseline equipment.

2.3.1 Product Classes

Product types are divided into classes using the following criteria:  a) the type of energy used;
b) capacity; and  c) performance-related features that affect consumer utility or efficiency. Different
energy efficiency standards will apply to different product classes.  In general, classes are defined
using information obtained in discussions with appliance manufacturers, trade associations, and other
interested parties.

In this preliminary TSD the following four product classes are analyzed: 1) split system air
conditioners, 2) split system heat pumps, 3) single package air conditioners, and 4) single package
heat pumps.  Chapter 4.6, Product Classifications, discusses other product class possibilities for
central air conditioners and heat pumps.

 
2.3.2 Baseline Equipment 

In order to analyze design options for energy efficiency improvements, the Department
defines a baseline unit.  For each product class, the assumed baseline unit is a product that meets the
existing standard.  For central air conditioners and heat pumps, such baseline equipment are typically
“lower-cost” units that contain no premium features, e.g., noise reduction, service, or appearance
features.  To determine the characteristics of the baseline unit in this screening analysis, the
Department gathers information from trade organizations, manufacturers, and consultants with
expertise in specific product types.  A description of baseline central air conditioners and heat pump
equipment is provided in Chapter 4.1, Description of Baseline Unit.

2.3.3 Technology Screening

An initial list of efficiency enhancement options is developed from the technologies
identified in the technology assessment. Then the Department, in consultation with interested parties,
reviews the list to determine if they are practicable to manufacture, install and service, would
adversely affect product utility or product availability, or would have adverse impacts on health and
safety.  Efficiency enhancement options not eliminated in the screening process are considered
further in the Engineering Analysis.  Chapter 3 discusses which conventional technologies were
considered in the central air conditioner and heat pump Engineering Analysis.  Also included is a
list of emerging technologies which could impact future central air conditioner and heat pump
manufacturing costs.
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2.4 ENGINEERING ANALYSIS

As presented in Chapter 4, the engineering analysis determines the maximum technologically
feasible energy efficiency level and develops cost-efficiency relationships to show the manufacturer
costs of achieving increased efficiency.

2.4.1 Efficiency Improvement Potential

In general, the engineering analysis estimates the efficiency improvement  potential of the
individual or combinations of design options not eliminated in the previous screening analysis.  The
Department, in consultation with stakeholders, uses the most appropriate means available to
determine energy consumption, including an overall system approach or engineering modeling.
Ranges and uncertainties in performance are established.  The energy savings measures developed
in the engineering analysis are combined with end-user costs in the LCC analysis.

The engineering analysis involves adding individual or combinations of design options to the
baseline unit.  A cost-efficiency relationship is developed to show the manufacturer cost of achieving
increased efficiency.  The efficiency levels corresponding to various design option combinations are
determined from manufacturer data submittals and from DOE engineering calculations. 

As described in Chapter 1, the Act requires that, in considering any new or amended
standards, the Department must consider those that "shall be designed to achieve the maximum
improvement in energy efficiency that the Secretary determines is technologically feasible and
economically justified."  EPCA, §325(l)(2)(A), 42 U.S.C. §6295(l)(2)(A).  Therefore an essential
role of the engineering analysis consists of identifying the maximum technologically feasible level.
The maximum technologically feasible level is one that can be reached by the addition of efficiency
improvements and/or design options, both commercially feasible and in prototypes, to the baseline
units.  The Department believes that the design options comprising the maximum technologically
feasible level must have been physically demonstrated in at least a prototype form to be considered
technologically feasible. 

In general, three methodologies can be used to generate the manufacturing costs needed for
the engineering analysis.  These methods include: 1) the design-option approach, reporting the
incremental costs of adding design options to a baseline model; 2) the efficiency-level approach,
reporting relative costs of achieving energy efficiency improvements; 3) and the reverse engineering
or cost-assessment approach which requires a "bottoms-up" manufacturing cost assessment based
on a detailed bill of materials.  The Department considers public comments in determining the best
approach for a rulemaking.

If the efficiency-level approach is used, the Department will select appropriate efficiency
levels for data collection on the basis of:  1) energy savings potential identified from engineering
models; 2) observation of existing products on the market; and/or 3) information obtained for the
technology assessment.  Stakeholders will be consulted on the efficiency level selection.  
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The use of a design-option approach provides useful information such as the identification
of potential technological paths manufacturers could use to achieve increased product energy
efficiency.  It also allows the use of engineering models to simulate the energy consumption of
different design configurations under various user profiles and applications.  However, the
Department recognizes that the manufacturer cost information derived in the design-option approach
does not reflect the variability in design strategies and cost structures that can exist between
manufacturers.  Therefore, the Department may derive additional manufacturing cost estimates from
other approaches developed in consultation with interested parties. 

The reverse engineering or cost-assessment approach can be used to supplement the
efficiency-level or design option approaches under special circumstances when data is not publically
available because of proprietary reasons, the product is a prototype, and/or the data is not provided
by the manufacturers.  

In the rulemaking for central air conditioners and heat pumps, the Department selected the
efficiency level approach as the primary method for conducting the engineering analysis.  The
Department also decided to utilize a reverse engineering approach as a “stand alone” analysis for
developing manufacturer costs and validating the costs developed through the efficiency level
approach.  Both approaches are discussed in detail in Chapter 4.

2.4.1.1   Efficiency-Level Approach

The efficiency-level approach establishes the relationship between manufacturer cost and
increased efficiency at incremental increases in efficiency levels. This method has the distinct
advantage of being simple and straight forward. Manufacturers typically provide incremental
manufacturer cost data for incremental increases in efficiency. Cost-efficiency curves can be easily
constructed to clearly identify at what point manufacturers are incurring significant costs to raise
efficiency. Additionally, the efficiency-level approach allows manufacturers the ability to supply
detailed cost data without revealing their unique design strategies for achieving increased efficiency
levels. 

But the simplicity of the efficiency-level approach is also its primary drawback. Namely,
since technological details are not provided, it is extremely difficult to verify whether the costs
provided for each specific efficiency level are truly representative of the costs for that level. In
addition, prototypical designs become difficult to evaluate and maximum technologically feasible
designs are then difficult to ascertain. As a result, some other type of analysis is likely needed in
order to verify the accuracy of the costs supplied through the efficiency level approach.  

2.4.1.2   Reverse Engineering Approach

As discussed above, the efficiency level approach requires verification of the data submitted.
The use of a component-based technology-costing (reverse engineering) approach identifies potential
technological paths manufacturers typically  use to achieve increased product energy efficiency.
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Under this type of analysis, actual equipment on the market are physically analyzed, i.e., dismantled,
component-by-component to determine what technologies and designs manufacturers employ to
increase efficiency. Independent costing methods and manufacturer and component supplier data are
then used to estimate the costs of the components. This approach has the distinct advantage of using
“real” market equipment to establish the technologies that are used by manufacturers and to establish
the manufacturing cost to produce more efficient units. 

The primary disadvantage of reverse engineering is the time and effort required to analyze
“real” equipment. Several models from a diverse range of manufacturers may have to be assessed
in order to ensure that an accurate representation of technological paths for increasing efficiency are
identified. In addition, since only equipment in the market is analyzed, prototypical designs may not
be captured by the analysis, thus making it difficult to establish maximum technologically feasible
designs.

2.4.1.3   Design Option Approach

The design option approach identifies  individual or combinations of design options which
increase efficiency.  Design option efficiency increases can either be based on manufacturer or
component supplier estimates or through the use of engineering computer simulation models.  The
incremental manufacturing costs of adding design options to a baseline model are then established.
Individual or combinations of design options are added to the baseline model in ascending order of
cost-effectiveness.  Typically, the payback period is used to establish a design option’s cost-
effectiveness and is determined by the ratio of the change in total consumer cost to the change in
operating cost.   

The primary advantage of the design option approach is its ability to analyze individual
technologies.  The approach is transparent in that the impact of any single technology on cost and
efficiency is explicit.  An additional advantage is its ability to incorporate designs that have been
demonstrated to perform in prototypes but have yet to be utilized in equipment currently available
on the market.  Thus, maximum technologically feasible designs are more easily established then in
the efficiency level approach.  

Although individual technologies can be assessed, the design option approach can tend to be
complex.  Individual technologies may be combined in ways not typically utilized by manufacturers,
especially if prototypical technologies are being analyzed, thus, making it difficult to assess a
design’s impact on system cost and efficiency.  In order to determine a technology’s impact on
system efficiency, computer simulation models are typically employed.  But since computer
simulation models exhibit at least some level of inaccuracy, a great deal of time and effort must be
expended to validate the model’s results at a variety of operating conditions. Simulation models
demand detailed input that may require manufacturers and component suppliers to reveal proprietary
design strategies.  Also, equipment performance data at specified test conditions must be supplied
in order to validate the model’s performance.
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Another drawback to the design option approach is its imperfect compatibility with the
manufacturing impact analysis.  The Department recognizes that the manufacturer cost information
derived in a component-based analysis does not reflect the variability in baseline units, design
strategies and cost structures that can exist between manufacturers.  Therefore, for the manufacturing
impact analysis, the Department may need to derive additional manufacturing cost estimates, using
other approaches developed in consultation with interested parties. 

2.4.1.4   Outside Regulatory Changes affecting the Engineering Analysis

In conducting an engineering analysis, there sometimes occur regulatory changes outside of
the NAECA efficiency standards process that can impact the manufacture of the product.  Some of
these changes can also affect the efficiency of the product as well.   The Department attempts to
identify all “outside” issues that can impact the engineering analysis.  Current regulatory changes
affecting central air conditioners and heat pumps is the discontinued use of HCFC refrigerants.
Chapter 4.7, Alternative Refrigerants, provides more detailed information on this topic.

2.4.2 Manufacturer Costs

Manufacturing costs are used as the means of determining retail prices, and are needed for
the manufacturer impact analysis. Manufacturing costs for central air conditioners and heat pumps
are described in detail in Chapter 4.2, Manufacturing Costs.

2.4.2.1   Characterizing Uncertainty

Consistent with the process rule, DOE places a range around the average manufacturing costs
of achieving various efficiency levels. The ranges of costs are used to generate retail prices for the
consumer life-cycle cost analysis, and are used in the industry cashflow analysis.

2.4.2.2   Variability in Costs between Manufacturers

The Department is committed to assessing the differential impacts of standards on different
manufacturers. The results are used as inputs for the sub-group analysis of manufacturing impacts,
which entails calculating cashflows separately for each class of manufacturer. 

2.4.2.3   Proprietary Design

In general, the Department considers in its analysis all design options that are commercially
available or present in a working prototype, including proprietary designs. Proprietary designs are
fully considered in the Department’s engineering and economic analyses. However, for this
rulemaking, engineering and economic analyses were limited to equipment currently in the market.
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2.5 LIFE-CYCLE COST (LCC) AND PAYBACK ANALYSIS

As will be presented in Chapter 5, the  Life-Cycle Cost and Payback Period Analysis
calculates the discounted savings in operating costs (less maintenance and repair costs) throughout
the estimated average life of the covered product compared to any increase in the installed cost for
the product likely to result directly from the imposition of a standard.  In determining economic
justification, the Act directs the Department to consider a number of  different factors, including the
economic impact of potential standards on consumers.   The Act also establishes a rebuttable
presumption that a standard is economically justified if the additional product costs attributed to the
standard are less than three times the value of the first year energy cost savings. EPCA,
§325(o)(2)(B)(iii),  42 U.S.C. §6295 (o)(2)(B)(iii).

To consider these requirements the Department calculates changes in LCC to the consumers
that are likely to result from the proposed standard as well as two different simple payback periods:
a payback period based on probability distributions, and a payback period based on single-point
values and test procedure assumptions which is known as “the rebuttable presumption” payback.
The effect of standards on individual consumers includes a change in operating expense (usually
decreased) and a change in purchase price (usually increased).  The net effect is analyzed by
calculating the change in LCC as compared to the base case.  Inputs to the LCC calculation include
the installed consumer cost (purchase price plus installation cost), operating expenses (energy, repair,
and maintenance costs), lifetime of the appliance, and a discount rate. 

2.5.1 LCC Spreadsheet Model

The LCC analysis is conducted using a spreadsheet model developed in Microsoft Excel
combined with Crystal Ball (a commercially available software program).  The Model uses a Monte
Carlo simulation described in Appendix A to perform the analysis, considering uncertainty and
variability.  The LCC spreadsheet is organized so that ranges (or probability distributions) can be
entered for each input variable needed to perform the calculations.

Based on the results of the LCC analysis, DOE selects candidate standard levels for a more
detailed analysis.  The range of candidate standard levels typically includes:  (1) the most energy-
efficient combination of design options or most energy-efficient level equipment available in the
market; (2) the combination of design options or efficiency levels with the lowest LCC; and (3) the
combination of design options or efficiency levels with a payback period of not more than three
years.  Additionally, candidate standard levels that incorporate noteworthy technologies or fill in
large gaps between efficiency levels of other candidate standards levels may be selected.

Payback is calculated based on the same inputs used for the LCC analysis (with the difference
that the values are based only on the first year the standard takes affect).  The output is a probability
distribution of payback periods, including the mean and median payback period as well as the
minimum and maximum payback periods. Additional information is available in the LCC
spreadsheet available on the DOE website. 
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The payback for purposes of the rebuttable presumption clause is calculated on the LCC
spreadsheet using single-point values rather than probability distributions. For central air
conditioners and heat pumps, payback periods are first calculated based on differences between
equipment designed for a new standard level and equipment typical of that being sold in the year
2006.  The paybacks are then weighted and averaged according to the percentage of each equipment
efficiency sold before a new standard is enacted.  Input values such as the annual operational hours
per year will correspond to those outlined in the DOE test procedure.  The payback is calculated for
the expected effective year of the standard (e.g., 2006). 

2.5.2 Equipment Prices

Equipment prices are needed for a base case, absent new standards, and for all efficiency
levels to be considered.  Several approaches can be used to obtain these retail prices. Potential
approaches include: 1) conducting a survey of existing prices on the market; 2) surveying
manufacturers and other market experts to predict consumer willingness to pay higher prices; and
3) applying various mark-ups over manufacturing costs. Consistent with the Process Rule, and
building on the estimates generated by various approaches, retail prices would be described within
a range of uncertainty.  

Chapter 4.3, Distribution Markups, provides a detailed description of the approach used for
determining industry-average prices and mark-ups for central air conditioners and heat pumps.
Manufacturer and retail or equipment prices are needed to determine how manufacturing costs and
associated margins, associated with standards, are passed-through from manufacturers to consumers,
as this has an impact on both consumers and manufacturers.  Consumer and manufacturer economics
are linked and inversely related. For this reason, retail prices used for the LCC analysis need to be
reconciled with manufacturer prices.

2.6 PRELIMINARY NATIONAL IMPACTS ANALYSIS

As discussed in Chapter 7, the national impacts analysis assesses the net present value (NPV)
of total consumer LCC, energy savings and indirect employment impacts.  A preliminary assessment
of the aggregate impacts at the national level is conducted for the ANOPR.  Analyzing impacts of
Federal energy-efficiency standards requires a comparison of projected U.S. residential energy
consumption with and without standards.  The base case, which is the projected US residential
energy consumption without standards, includes the mix of efficiencies being sold at the time the
standard becomes effective.  

As discussed in Chapter 6, sales projections together with efficiency levels of the central air
conditioners and heat pumps are important inputs to determine the energy consumption for the
Nation as a whole under both base case and standards case scenarios.  The differences  between the
base case and standards case provides the energy and cost savings.  Depending on the analysis
method used, the sales under a standards case projection may differ from those under a base case
projection.
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The Department estimates national energy consumption for each year beginning with the
expected effective date of the standards.  National annual energy savings are calculated as the
difference between two projections:  a base case and a standards case.  Analysis includes estimated
energy savings by fuel type used for generating electricity.  Energy consumption and savings are
estimated based on site energy (kWh of electricity), then the electricity consumption and savings are
converted to source energy. 

Measures of impact reported include the net present value (NPV) of total consumer LCC,
national energy savings, and indirect employment impacts.  Each of the above are determined for
selected trial standard levels.  These calculations are done by the use of a spreadsheet tool called the
National Energy Savings (NES) Spreadsheet Model, which has been developed for all the standard
rulemakings and tailored to each specific appliance rulemaking.  

2.6.1 National Energy Savings (NES) Spreadsheet Model

In order to make the analysis more accessible and transparent to all stakeholders, a
spreadsheet model was developed using Microsoft Excel to calculate the national energy savings and
the national economic costs and savings from new standards.  Input quantities can be changed within
the spreadsheet.  Unlike the LCC analysis, in the NES Spreadsheet, distributions are not used for
inputs or outputs.  Sensitivities can be demonstrated by running different scenarios.  The NES
spreadsheet model is available on the DOE website.

2.6.2 Shipments

One of the more important components of any estimate of future impacts is shipments.
Forecasts of shipments for the base case and the standard case need to be obtained as an input to the
NES.  The Department chose an accounting model method to prepare shipment scenarios for the base
case and several standard cases.  Basically, the model keeps track of the stocks and purchases of each
type of central air conditioner and heat pump.  Events and consumer decisions influence how the
stock and supply of central air conditioner and heat pump systems flow from one category to another.
Decisions that are economically influenced are modeled with econometric equations.

The model is organized into three classes of elements: stocks, events, and decisions. Stocks
of central air conditioners and heat pumps are divided into ownership categories, and units are
assigned to age categories. Events are things that happen to stocks independent of economic
conditions, i.e., breakdowns requiring repair or replacement. Decisions are consumer reactions to
market conditions, e.g., whether to repair or replace equipment, or buy a house with or without a
central air conditioner or heat pump.  Purchase decisions are categorized by market segments.
Decision trees are used to describe consumer choices for purchases and repairs. A logit probability
model simulates consumer purchase decisions that based on equipment price, operating costs, and
income level.  Chapter 6 provides a detailed description of how shipments forecast were conducted.
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2.6.3 Net National Employment Impacts

The Process Rule required that employment impacts be considered in selecting a proposed
standard.  The Department will estimate the impacts of standards on employment for air conditioner
and heat pump manufacturers, relevant service industries, energy suppliers, and the economy in
general.  Employment impacts are separated into indirect and direct impacts.  Direct employment
impacts would result if standards lead to a change in the number of employees at manufacturing
plants and related supply and service firms.  Direct impacts will be discussed in Chapter 8 on the
manufacturer impact analysis.  Indirect impacts are impacts on the national economy other than in
the manufacturing sector being regulated.  Indirect impacts may result from both expenditures
shifting among goods (substitution effect), and income changing, which will lead to a change in
overall expenditure levels (income effect). 

Indirect employment impacts from standards are defined as net jobs eliminated or created in
the general economy as a consequence of increased spending to purchase central air conditioners and
heat pumps and reduced spending to pay utility costs.  New equipment standards are expected to
increase the purchase price, which includes retail price, sales tax and installation.  The same
standards are also expected to decrease energy consumption, and therefore reduce household
expenditures for energy.  Over time, the increased purchase price may be paid back through energy
savings.  The savings in energy expenditures may be spent on other items.  Using an input/output
model of the U.S. economy, this analysis seeks to estimate the effects on different sectors, and the
net impact on jobs.  National impacts will be estimated for major sectors of the U.S. economy.
Public and commercially available data sources and software will be utilized to estimate employment
impacts.  At least three scenarios will be analyzed to bound the range of uncertainty in future energy
prices.  All methods and documentation will be made available for review when the Net National
Employment Impacts analysis is conducted for the Notice of Proposed Rulemaking. 

2.7 CONSUMER ANALYSIS

Chapter 10 describes the consumer analysis which evaluates impacts to any identifiable
groups of consumers, such as consumers with low income levels, who may be disproportionately
affected by any national energy efficiency standard level.  

The Department plans to evaluate variations in regional energy prices, variations in energy
use and variations in installation costs that might affect the net present value of a standard to
consumer sub-populations.  To the extent possible, DOE obtains estimates of the variability in each
input quantity and considers this variability in its calculation of consumer impacts.  The analysis is
structured to answer questions such as:  How many households are better-off with standards and by
how much?  How many households are not better off and by how much?  The variability in each
input quantity and likely sources of information are discussed with the interested parties.

Variations in energy use for a particular appliance can depend on factors such as:  climate,
type of household, number of people in household, etc.  Annual energy use can be estimated by a
calculation based on an accepted test procedure or it can be measured directly in the field.  The
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Department  performs sensitivity analyses to consider how differences in energy use will affect
sub-groups of consumers.  The impact on consumer sub-groups will be determined using the LCC
spreadsheet model.  

2.7.1 Purchase Price Increases

The Department will be sensitive to purchase price increases to avoid negative impacts to
identifiable population groups such as low-income households.  Additionally, the Department will
assess the likely impacts of purchase price increases on product sales.

2.7.2 Consumer Participation

The Department seeks to inform and involve consumers and consumer representatives in the
process of developing standards.  This includes notification of consumer representatives during the
rulemaking process and where appropriate, seeking direct consumer input.

2.8 MANUFACTURER IMPACT ANALYSIS

Chapter 8 describes the manufacturer impact analysis (MIA). This analysis estimates the
financial impact of standards on manufacturers and also calculates the impact of standards on
competition, employment, and manufacturing capacity. 

Prior to initiating the detailed MIA, the Department will prepare an approach document and
have it available for review.  While the general framework will serve as a guide, the Department
intends to tailor the methodology for central air conditioners and heat pumps on the basis of
stakeholder comments.  The document will outline procedural steps and outline issues for
consideration.  Three important elements of the approach consist of the preparation of an industry
cash flow, the development of a process to consider sub-group cash flow, and the design of a guide
to interview manufacturers and others in gathering information. 

The policies outlined in the Process Rule required substantial revisions to the analytical
framework to be used in performing manufacturer impact analysis for each rulemaking.  In the
approach document, the Department will describe and obtain comments on the methodology to be
used in performing the manufacturer impact analyses.  The manufacturer impact analyses will be
conducted in three phases (see Figure 2.2).  Phase 1 consists of two activities, namely, preparation
of an industry characterization and identification of issues.  The second phase has as its focus the
larger industry.  In this phase, the Government Regulatory Impact Model (GRIM) will be used to
perform an industry cash flow analysis.  Phase 3 involves repeating the process described in Phase
2 (the industry cash-flow analysis) but on different sub-groups of manufacturers.  Phase 3 also entails
calculating additional impacts on competition, employment, and manufacturing capacity.  
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Manufacturer Impact Analyses
Screening Analysis

Engineering Analysis

Life-Cycle Cost Analysis

Trial Efficiency Levels

National Impacts Analysis

Impacts on Consumers

Indirect Employment Impacts

Impacts on Utilities

Impacts on the Environment
and Energy Security

PHASE 2:  Industry Cash Flow

Manufacturing Costs

Price Forecasts

Shipment Forecasts

Estimate Industry Cash Flow

PHASE 3:  Subgroup Analysis

Estimate Manufacturer Costs

Estimate Prices and Shipments

Cash Flow Analysis

Impacts on Competition
Impacts on Employment
Impacts on Manufacturing
Capacity

PHASE 1:  Industry Profile

Industry Characterization

Issue Identification

ANOPR

Figure 2.2  Flow diagram of the manufacturer impact analysis methodology

2.8.1 Industry Characterization

Phase 1 of the MIA consists of collecting pertinent financial and market information. This
activity involves both quantitative and qualitative efforts. Data gathered included market share,
corporate operating ratios, wages, employment, and production cost ratios. These data are
incorporated into the Engineering Analysis in the estimation of equipment production costs and
distribution markups. Sources of information include reports published by industry groups, trade
journals, and the U.S. Bureau of Census, and copies of SEC 10-K filings.

2.8.2 Industry Cash Flow

Increased efficiency standards affect manufacturers in three distinct ways, by (1) requiring
additional investment; (2) by raising production costs, and (3) by affecting revenue because of higher
prices and, possibly, lower quantities sold.  To quantify these changes the Department performs an
industry cash flow analysis using the Government Regulatory Impact Model (GRIM).  Usually this
analysis will use manufacturing costs, shipments forecasts, and price forecasts developed for the
LCC and NES analyses.  Financial information, also required as an input to GRIM, will be developed
based on publicly available data and manufacturer information confidentially submitted to the
Department’s contractor, Arthur D. Little, Inc .
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The GRIM analysis uses a number of factors—annual expected revenues; manufacturer costs
such as cost of sales, selling and general administration costs, taxes, and capital expenditures related
to depreciation, new standards, and maintenance—to arrive at a series of annual cash flows
beginning from before implementation of standards and continuing explicitly for several years after
implementation.  The measure of industry net present values are calculated by discounting the annual
cash flows from the period before implementation of standards to some future point in time.
Appendix E provides a description of GRIM’s operating principles.

2.8.3 Manufacturer Sub-Group Analysis

Assessment of impacts on sub-groups of manufacturers is Phase 3 of the MIA. Using industry
“average” cost values is not adequate for assessing the variation in impacts among sub-groups of
manufacturers.  Smaller manufacturers, niche manufacturers or manufacturers exhibiting a cost
structure largely different from industry averages could be more negatively affected.  Ideally, the
Department would consider the impact on every firm individually.  In highly concentrated industries
this may be possible.  In industries having numerous participants, the Department will use the results
of the industry characterization to group manufacturers exhibiting similar characteristics.  The
financial analysis of the “prototypical” firm performed in the Phase 2 industry analysis can serve as
a benchmark against which manufacturer sub-groups can be analyzed.

The manufacturing cost data collected for the engineering analysis will be used to the extent
practical in the sub-group impact analysis.  To be useful, however, this data should be disaggregated
to reflect the variability in costs between relevant sub-groups of firms. 

The Department will conduct detailed interviews with as many manufacturers as is possible
to gain insight into the potential impacts of standards.  During these interviews, the Department will
solicit the information necessary to evaluate cashflows and to assess competitive, employment and
capacity impacts.  Firm-specific cumulative burden will also be considered.

2.8.4 Interview Process

The revised rulemaking process provides for greater public input and for improved analytical
approaches, with particular emphasis on earlier and more extensive information gathering from
interested parties.  The proposed three-phase manufacturer impact analysis process will draw on
multiple information sources, including structured interviews with manufacturers and a broad
cross-section of interested parties.  Interviews may be conducted in any and all phases of the analyses
as determined in Phase 1 of the MIA.

The interview process has a key role in the manufacturer impact analyses, since it provides
an opportunity for manufacturers to privately express their views on important issues.  A key
characteristic of the interview process is that it is designed to allow confidential information to be
considered in the rulemaking process.
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The initial industry characterization will collect information from relevant industry and
market publications, industry trade organizations, company financial reports, and product literature.
This information will aid in the development of detailed and focused questionnaires, as needed, to
perform all phases of the manufacturer impact analyses.  It is the intention of the Department that
the contents of questionnaires and the list of interview participants be publicly vetted prior to
initiating the interview process.

The Phase 3 (sub-group analysis) questionnaire will solicit information on the possible
impacts of potential efficiency levels on manufacturing costs, product prices, and sales.  Evaluation
of the possible impacts on direct employment, capital assets, and industry competitiveness will also
draw heavily on the information gathered during the interviews.  The questionnaires will solicit both
qualitative and quantitative information.  Supporting information will be requested whenever
applicable.

Interviews will be scheduled well in advance in order to provide every opportunity for key
individuals to be available for comment.  Although a written response to the questionnaire is
acceptable, an interactive interview process is preferred because it helps clarify responses and
provides the opportunity for additional issues to be identified.

Interview participants will be requested to identify all confidential information provided in
writing or orally.  Approximately two weeks following the interview, an interview summary will be
provided to give participants the opportunity to confirm the accuracy and protect the confidentiality
of all collected information.  All the information transmitted will be considered, when appropriate,
in DOE’s decision-making process.  However, confidential information will not be made available
in the public record.

DOE will collate the completed interview questionnaires and prepare a summary of the major
issues and outcomes.  The Department will seek comment on the outcome of the interview process.

2.9 COMPETITIVE IMPACT ASSESSMENT

Legislation directs the Department to consider any lessening of competition that is likely to
result from standards.  It further directs the Attorney General to gauge the impacts, if any, of any
lessening of competition.  DOE will make an effort to gather and report firm-specific financial
information and impacts.  The competitive analysis, as discussed in Chapter 9, will focus on
assessing the impacts to smaller, yet significant, manufacturers.  The assessment will be based on
manufacturing cost data and on information collected from interviews with manufacturers, consistent
with Phase 3 of the MIA.  The Department of Justice (DOJ) has offered to help in drafting questions
to be used in the manufacturer interviews.  These questions will pertain to the assessment of the
likelihood of increases in market concentration levels and other market conditions that could lead
to anti-competitive pricing behavior.  The manufacturer interviews will focus on gathering
information that would help in assessing asymmetrical cost increases to some manufacturers,
increased proportion of fixed costs potentially increasing business risks, and potential barriers to
market entry (proprietary technologies, etc.).



a For more information on NEMS, please refer to the U.S. Department of Energy, Energy Information
Administration documentation.  A useful summary is National Energy Modeling System: An Overview 1998, DOE/EIA-
0581(98), February, 1998.  DOE/EIA approves use of the name NEMS to describe only an official version of the model
without any modification to code or data.  Because our analysis entails some minor code modifications and the model
is run under various policy scenarios that are variations on DOE/EIA assumptions, the name NEMS-BRS refers to the
model as used here (BRS is DOE’s Building Research and Standards office, under whose aegis this work has been
performed.
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2.10 UTILITY ANALYSIS

The utility analysis estimates the effects of proposed standards on electric and gas utilities.

The Department proposes to use a version of Energy Information Administration’s (EIA)
widely recognized National Energy Modeling System (NEMS) for the utility and environmental
analyses.  NEMS is a large multi-sectoral partial equilibrium model of the U.S. energy sector that
has been developed over several years by the EIA,  primarily for the purpose of preparing the Annual
Energy Outlook (AEO).  NEMS produces a widely recognized baseline forecast for the U.S. through
2020 and is available in the public domain.  The version of NEMS to be used for appliance standards
analysis will be called NEMS-BRS, together with some exogenous calculations.a 

Forecasting for the electric utility industry is seriously complicated by the implications of
industry restructuring, which is only partially reflected in the latest AEO (1999). Exploration of the
consequences of a wider restructuring pattern is planned through appropriate scenario analysis using
NEMS-BRS. 

To analyze the effect of standards, NEMS-BRS is first run exactly as it would be to produce
an AEO forecast, then a second run is conducted with residential energy usage reduced by the
amount of energy (gas, oil, and electricity) saved due to appliance standards for the appliance being
analyzed.  The energy savings input is obtained from the NES spreadsheet.   Outputs available are
the same as those in the original NEMS model including residential energy prices, generation and
installed capacity (and in the case of electricity, which primary fuel is used for generation).

2.11 ENVIRONMENTAL ANALYSIS

The Environmental Assessment is required pursuant to the National Environmental Policy
Act of 1969 (NEPA)(42 U.S.C. 4321 et seq.), regulations of the Council on Environmental Quality
(49 CFR parts 1500-1508), the Department regulations for compliance with NEPA (10 CFR part
1021) and the Secretarial Policy on the National Environmental Policy Act (June 1994).

The main environmental concern addressed is emissions from fossil fuel-fired electricity
generation.  Power plant emissions include oxides of nitrogen (NOx) and sulfur (SO2), as well as
carbon dioxide (CO2).  The first two are major causes of acid precipitation, which can affect humans
by reducing the productivity of farms, forests and fisheries, decreasing recreational opportunities and
degrading susceptible buildings and monuments. NOx is also a precursor gas to urban smog and is
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particularly detrimental to air quality during hot, still weather.  CO2 emissions are believed to
contribute to raising the global temperature via the “greenhouse effect.”  The long-term
consequences of higher temperatures may include perturbed air and ocean currents, perturbed
precipitation patterns, changes in the gaseous equilibrium between the atmosphere and the biosphere,
and the melting of some of the ice now covering polar lands and oceans, causing a rise in sea level.

The Department proposes to use EIA’s widely recognized NEMS for the appliance
environmental analyses.  The version of NEMS to be used for appliance standards analysis will be
called NEMS-BRS, and will be based on the AEO99 version with minor modifications.  NEMS-BRS
is run exactly the same as the original NEMS except that residential energy usage is reduced by the
amount of energy (gas, oil, and electricity) saved due to appliance standards for the appliance being
analyzed.  The input of energy savings are obtained from the NES spreadsheet.  For the
environmental analysis, the output is the forecasted physical emissions.  The net benefits of a
standard will be the difference between emissions estimated by the AEO99 version of NEMS-BRS
and those it estimates with a standard in place.

2.12 REGULATORY IMPACT ANALYSIS

DOE will prepare a draft regulatory analysis pursuant to E.O. 12866, “Regulatory Planning
and Review,” which will be subject to review under the Executive Order by the Office of
Information and Regulatory Affairs (OIRA)58 FR 51735 (October 4, 1993).  Eight major alternatives
were identified by DOE as representing feasible policy options to achieve consumer product energy
efficiency.  Each alternative will be evaluated in terms of ability to achieve significant energy savings
at a reasonable cost and will be compared to the effectiveness of the rule.   

Under the Process Rule policies, the Department is committed to continually explore non-
regulatory alternatives to standards.  Table 2.1 discusses what is being proposed for this rulemaking.
The Department will seek comments on this approach.   Through manufacturer interviews and
literature searches, the Department will compile information on burdens from existing and
impending regulations affecting central air conditioners and heat pumps (e.g. HCFC phase out) and
other products (e.g. room air conditioners). The Department also seeks input from stakeholders
regarding other regulations that should be considered.

Table 2.1  Non-Regulatory Alternatives to Standards
Alternatives to Examine in 1999
-No new regulatory action
-Consumer tax credits
-Manufacturer tax credits
-Performance standards
-Rebates
-Voluntary energy efficiency targets
-Mass Government purchases
-Early Replacement
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CHAPTER 3:  SCREENING OF DESIGN OPTIONS

The Process Rule requires that the Department screen design options before beginning the
Engineering Analysis.  To be considered as the basis for the rulemaking, design options must satisfy
four screening criteria:

C Must be technically feasible
C Must be practical to mass manufacture, install, and service
C Must not substantially reduce consumer utility
C Must not raise significant safety concerns

We assume that design options available in products currently offered to the mass market
meet those screening criteria. The most widespread of these efficiency-related enhancements are:

C Increased coil face area and depth
C Multiple speed fan motor or blower motor
C Variable (or multiple) speed or capacity compressor or dual compressor
C Thermostatic or electronic expansion valve
C Improved air flow and fan design
C Increased efficiency compressor (scroll, advanced reciprocating)

Several recent and ongoing developments may soon change the cost impact of some of these
enhancements and make them more attractive to manufacturers. Each of these emerging technologies
also meets the screening criteria:

C Variable speed motor control (DC controllers and AC inverters)
C Advanced compressors (Bristol TS®, Copeland Modulating Scroll®)
C Microchannel heat exchangers (Modine PF®)

We considered the impacts of these emerging technologies separately from our ARI
validation effort.

Finally, the industry currently faces a federally mandated phase out of refrigerant HCFC-22
by 2010. Although researchers continue to investigate several alternative refrigerants, only two seem
likely to achieve significant penetration: 410A and 407C. For new products, 410A is favored. Its
higher operating pressure and thermodynamic properties enable some reductions in component size
that partially offset higher lubricant and refrigerant costs. 407C operates at similar pressures as
HCFC-22 but at a lower efficiency. Both refrigerants pass the screening criteria. Again, we did not
consider either of these within our ARI validation effort since ARI considered equipment limited to
HCFC-22.
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CHAPTER 4:  ENGINEERING ANALYSIS

The Engineering Analysis develops the relationship between the efficiency and cost of a
central air conditioner or heat pump. This relationship serves as the basis for the subsequent cost-
benefit calculations in terms of individual consumers, manufacturers, and the nation. Determining
the cost-efficiency relationship involves analysis of the options available to manufacturers for
increasing the efficiency of the baseline product (i.e, one that just meets the minimum efficiency
standard.)

Residential central air conditioners are somewhat unique among the products regulated by
the Department in that manufacturers: 1) structure their product lines around efficiency levels, 2) sell
significant volumes of higher efficiency equipment, and 3) offer, or have studied, most of the design
options available for increasing product efficiency. These characteristics make it possible to largely
determine the cost-efficiency relationship for central air conditioners and heat pumps by examining
actual products in the marketplace instead of estimating the cost and performance of design options
using theoretical models.

The Department contracted with Arthur D. Little, Inc. (ADL) to estimate equipment
production costs at each potential efficiency standard level, including the baseline level. The
approach is the basis of the reverse engineering and efficiency level approaches the Department has
chosen to apply to this rulemaking.

In addition to their effect on equipment production costs, higher efficiency standards can
affect consumers by changing: 1) equipment costs, 2) installation costs, 3) maintenance costs, 4)
repair costs, 5) product life, and 6) energy costs. The Engineering Analysis characterizes all of these
potential effects.

The analysis of equipment production costs proceeded in two distinct phases—the  validation
analysis phase and the emerging technology analysis phase—as shown in Figure 4.1. The validation
analysis phase (Section 4.2) included the tasks needed to determine the reasonableness of the cost
data that the Air Conditioning and Refrigeration Institute (ARI) submitted to the Department. 

For the validation analysis, the Department estimated the costs of producing equipment
utilizing today’s established technologies under new efficiency standards. Thus, each efficiency level
analyzed assumed that new minimum efficiency standard was set at that level. The Department
believes that current production costs for a higher efficiency product, say a 12 SEER air conditioner,
would decrease if the minimum efficiency were raised to that level. Manufacturers of such products
would have a greater incentive to cost-optimize their production because of more intense competition
in the marketplace. ARI’s guidelines to their members were to incorporate the same assumption
regarding production at a new efficiency standard. However, some manufacturers might argue that
costs of high-efficiency products may actually increase under new standards due to capital,
engineering, and marketing costs incurred in converting to the new standard.
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Figure 4.1   Phases of the Engineering Analysis 

For the emerging technology analysis, the Department assessed the potential impacts of
emerging technologies on the production costs under new efficiency standards (Section 4.5). These
include new technologies under development and existing technologies that can benefit from further
technological advance and economies of scale. The Department expects that these new technologies
have the potential to lower the cost of improved efficiency.

In addition to quantifying manufacturing costs and the potential benefits of emerging
technologies, this chapter includes the following subject areas:

C Distribution Markups (Section 4.3)
C Max Tech (Section 4.4)
C Product Classifications (Section 4.6)

C Alternative Refrigerants (Section 4.7)
C Relationship between HSPF and SEER

(Section 4.8.1)
C Repair versus Replace (Section 4.8.2)
C Peaking Characteristics (Section 4.9)



a Industry sources confirm that the prevalence of 10 SEER equipment remains valid in 1999.
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Split Packaged

Cooling-only 10.0 SEER 9.7 SEER

Heat pump 10.0 SEER
6.8 HSPF

9.7 SEER
6.6 HSPF

Table 4.1  NAECA Minimum Efficiencies for Single
Phase Unitary Products 18,000 BTU/hr - 65,000 BTU/hr

4.1 DESCRIPTION OF BASELINE UNIT

As mentioned in Chapter 2, NAECA defines four central air conditioning product classes:
1) split central air conditioning systems (cooling-only), 2) split central air conditioning heat pump
systems, 3) single packaged central air conditioning systems (cooling-only), and 4) single packaged
central air conditioning heat pump systems. Cooling efficiency is expressed as a Seasonal Energy
Efficiency Rating (SEER) and heating efficiency is expressed as a Heating Seasonal Performance
Factor (HSPF). NAECA requires products to achieve the minimum efficiencies listed in Table 4.1.

More than 75 percent of equipment sold is rated at the minimum allowable efficiency.1

Products rated at the minimum efficiency level are termed baseline.a  They compete primarily on cost
and share similar physical characteristics. Although the efficiency level approach describes only the
cost of the product at the minimum efficiency level (and higher efficiency levels) without reference
to the underlying design or designs, the sample of baseline models selected for this analysis
displayed the following similar characteristics:

C rifled copper tubes
C lanced aluminum fins
C single speed, single capacity compressor
C expansion orifice
C single speed permanent split capacitor (PSC) fan and blower motors

Equipment at higher efficiency levels may contain enhancements in one or more of these
areas or may contain additional efficiency-related features such as variable speed control and time
delay relays.
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4.2 MANUFACTURING COSTS

Manufacturers routinely use reverse engineering to discover their competitors’ designs, to
evaluate the cost of adopting those designs themselves, and to attempt to avoid infringing on their
competitor’s patents. In the context of this Engineering Analysis, the term “reverse engineering”
solely describes the estimation of production costs by examining actual equipment or designs. The
ample examples of residential unitary equipment in the market provide the opportunity to use reverse
engineering methods as the basis for estimating production costs. In this analysis, the production
costs of 71 equipment models at eight efficiency levels were estimated, assuming each became
baseline equipment under new efficiency standards. These production costs were normalized to the
cost of their respective baseline costs, yielding relative costs analogous to ARI’s relative costs. The
cost multipliers were then compared to the ARI relative costs to help to identify any discrepancies
and improve the underlying reverse engineering assumptions. 

The production cost estimation process consisted of four tasks:

1. Selecting representative equipment
2. Describing equipment attributes
3. Modeling production processes
4. Determining the cost of materials, components, and assembly operations

Assumptions and data were based upon six sources of information:

C Interviews with manufacturers and suppliers
C Disassembly and analysis of equipment (tear down)
C Manufacturer data submittals
C ARI Product Attribute Database (proprietary)
C Published industry data
C Product literature

Table 4.2 illustrates the relationship between the information sources and the reverse engineering
tasks.

4.2.1 Visits to Manufacturers and Component Suppliers

Between September and November 1998, DOE and ADL employees visited the facilities of
16 manufacturers and component suppliers and participated in 53 hours of presentations, interviews,
and tours. Topics of discussion included product design, manufacturing methods, market dynamics,
alternative refrigerants, product classifications, special issues related to heat pumps, and concerns
related to new standards. Several visits also included tours of manufacturing facilities.
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Uses of Information

Equipment
selection

Description
of product
attributes

Process
modeling

Component
pricing
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Manufacturer/supplier
visits/interviews

T T T

Manufacturer data
submissions

T

Tear downs T T

ARI Attribute Data T T

Product Literature T T T

Table 4.2  Sources of Design Information

The visits served many purposes including gathering information concerning the Engineering
Analysis, introducing company executives to the rulemaking process, and understanding the impact
of a new standard on manufacturers. Ten of these meetings under an agreement of confidentiality,
and the DOE employees did not retain written materials from any of the meetings. Meeting notes
reside at ADL and are covered by separate agreements. 

4.2.2 Selecting Representative Equipment

To select equipment samples for the reverse engineering analysis, ADL requested that
manufacturers identify equipment in their product lines that would most nearly represent baseline
equipment at each efficiency level through 17 SEER. Manufacturers were also asked to describe the
efficiency-related attributes of the products they selected. Four major manufacturers submitted
design data for split cooling-only equipment, and three submitted design data for the other classes.
This submission process yielded information on 62 models. ADL selected an additional nine models



b Catalog data were collected on two more models, but eliminated the models from consideration when it was
determined that their costs fell outside of the range of the costs bounded by manufacturer submissions. This ensured
that the sample included only models with cost  considered “representative” by manufacturers.
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Models
Examined

Tear
Downs

Split Air Conditioner 32 0

Split Heat Pump 19 2

Packaged Air
Conditioner

9 0

Packaged Heat Pump 11 1

Total 71 3

Table 4.3  Breakdown of Equipment Subjected to
Cost Estimation Analysis

from catalogs of those and other manufacturers.b ADL used the ARI Product Attribute Database
(provided to ADL under a non-disclosure agreement) and technical literature to describe the
efficiency-related attributes in those products. Finally, from the group of manufacturer submittals,
three units were purchased for extensive disassembly and inspection. Table 4.3 shows the breakdown
of models examined.

4.2.3 Disassembly and Inspection of Sample Equipment

One of the most effective methods for determining the production cost of a piece of
equipment is to disassemble a sample and analyze it thoroughly. This process of disassembly and
inspection is commonly called a tear down. Tear down identifies components, materials, and
fabrication and assembly operations, and is the most accurate and precise method of estimating
production cost short of obtaining the information directly from the manufacturers.

The three 3-ton models torn down were:  1)  a 10 SEER split cooling-only condenser and
evaporator combination, 2) a 10 SEER packaged heat pump, and 3) a 12 SEER split heat pump
condenser. The 10 SEER tear downs were meticulous and provided comprehensive knowledge about
those products. After disassembly, each part was identified, weighed, and described in detail. The
12 SEER tear down was less thorough since it was intended only to confirm the results of the cost
estimates for the 12 SEER level.
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Designed production capacity
(split A/C) (units per year)

130,000 Production days per year 240

Actual production volume
(split A/C) (units per yr)

125,000 Fabrication shifts per day 2

Designed production capacity
(split HP, pkg HP and A/C)
(units per yr)

30,000 Hours per shift 8

Actual production volume
(split HP, pkg A/C and HP)
(units per yr)

25,000 Press lot size per day 1

Assembly line Dedicated Worker downtime 20%

Coil fabrication lines Non-
dedicated

Equipment downtime 10%

Table 4.4  Production Facility Specifications

4.2.4 Modeling the Production Facility

From each detailed tear down, a structured bill-of-materials (BOM) was created. This
structured BOM describes each part and its relationship to the other parts by the order of assembly.
Each fabrication and assembly operation is described in detail, including the type of equipment used
and the cycle time. The result is a thorough and explicit model of the production process. Visits to
equipment plants and detailed discussions with a major supplier of plant equipment contributed to
the assumptions regarding the production facility.

Two prototypical production facilities were created—a split system plant and a packaged
system plant. Table 4.4 lists the specifications for each plant. Notice that the plants are greenfield
facilities. “Greenfield” means that the facility is built new from the ground-up for the sole purpose
of producing the equipment under analysis. This simplification suppresses differences among
manufacturers and focuses on generic differences in plant and process that are related to efficiency.
The results may, therefore, overestimate or underestimate the production costs of a particular
manufacturer, but since they are calibrated to aggregate industry data, they should be accurate for
the industry as a whole. Cost variability introduced by differences in manufacturers is handled
separately as described in Appendix A . A subsequent Manufacturer Impact Analysis will examine
manufacturer variability in greater depth.
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4.2.5 Compensating for the Commoditization Effect of Efficiency Standards on Baseline
Equipment

Manufacturers must offer low-priced baseline products to attract price-sensitive home
builders, dealers, and homeowners. Since price-sensitive purchasers are not willing to pay a great
deal for added features, most baseline products possess only those attributes needed to meet
minimum expectations of reliability and comfort. This emphasis on low price puts pressure on
manufacturers to reduce production costs on baseline products. The pressure to reduce the production
costs of higher efficiency products is not as great because those purchasers are less sensitive to price.
Manufacturers seeking to optimize their production processes consider this difference in cost
reduction pressure between baseline and non-baseline products since baseline products make up the
majority of their production volume. Consequently, optimal production typically results in more
cost-efficient production of baseline equipment and less cost-efficient production of non-baseline
equipment. 

As the efficiency standard rises, models that once exceeded the minimum efficiency level
become the new baseline models. The Department assumes that commoditization of those products
occurs as the market drives out premium products with added features in favor of lower price
models. The elimination of features and the pricing pressures that result from more intense
competition lower the cost of the product. The cost estimates in the reverse engineering analysis are
based on these commoditized versions of today’s higher efficiency equipment.

Two assumptions simulate the commoditization effect:

C Only those aspects of existing high-efficiency models that are essential for
satisfactory operation and performance ratings were considered.

C Each model was assumed to be constructed and configured in the same way as the
baseline equipment torn down.

In effect, new baseline equipment were created at each efficiency level by substituting into
today’s 10 SEER baseline those efficiency-related attributes from today’s higher efficiency
equipment. Those efficiency-related attributes are listed in Table 4.5 along with the non-efficiency
attributes that were not considered. The efficiency-related attributes that remained are significant.
The analysis concluded that more than 95 percent of the cost of the baseline system was efficiency-
related. 
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Efficiency-related Attributes Non-efficiency Attributes

Coil features and dimensions Noise suppression

Cabinet size Aesthetic enhancement

Fin configuration Serviceability
enhancement

Compressor type

Accumulator

Controls

Motor type

Table 4.5  Examples of Product Attributes Related to Efficiency

The analysis did not consider the non-efficiency attributes listed for two reasons. First, the
attributes were not observed in the baseline equipment samples, and pricing pressures will continue
to prevent manufacturers from incorporating non-efficiency attributes into baseline equipment under
new standards. Second, only those differences in incremental cost that relate to incremental
efficiency affect the results of the consumer life cycle cost analysis.

Some may argue that one or more of the designated non-efficiency attributes are, in fact, tied
to efficiency. For example, if higher efficiency products are inherently noisier, purchasers could
require manufacturers to incorporate special noise suppression features even on their baseline
equipment. If that were the case, the reverse engineering analysis would underestimate the cost of
higher efficiency baseline equipment. Since this is an important point, the Department will continue
to review the classification of efficiency-related attributes and will adjust them as the evidence
warrants.

4.2.6 Estimating Parts, Assembly, and Overhead Costs

Parts were characterized based on whether manufacturers purchase them from outside
suppliers or fabricate them in-house. For purchased parts, the purchase price was estimated. For
fabricated parts, the price of intermediate materials (e.g. tube, sheet metal) and the cost of
transforming them into finished parts was estimated. Whenever possible, ADL obtained price quotes
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Direct labor rate $13.33 per hr Utility cost 21.6% of depreciation

Fringe 30% of wage Maintenance cost 4% of depreciation

Indirect labor 50% of direct labor Property tax 0.9% of revenues

Equipment
Depreciation

1-20 years based on
equipment type

Property insurance 0.8% of revenues

Building depreciation 30 years Freight-in 3% of materials cost

Freight-out $1.66 per cubic foot

Table 4.6  Production Cost Assumptions

directly from suppliers in volumes necessary to produce the equipment volumes shown in Table 4.4.
For higher efficiency equipment, this assumption generally resulted in higher component purchase
volumes and may have resulted in lower component prices than manufacturers currently pay.

After incorporating information on prices and manufacturing processes, estimates of labor
rates, factory overhead, and indirect costs were added. For the most part, estimates were derived
from generally available industry data. Table 4.6 lists the assumptions for those cost elements.

4.2.7 Generating Production Cost Results

All data were input into eight Microsoft Excel workbooks – two for each product class. One
workbook in each pair is devoted specifically to estimating the cost of producing coils. The other
estimates the cost of fabricating the remaining components and assembling the equipment. The
workbooks contain proprietary and confidential information and are not publically available.

The completed spreadsheets generate the production cost for each of the 71 models evaluated.
Table 4.7 lists the mean of those results for each efficiency level and Figure 4.2 plots the results. The
results are the “most likely” results as of July 21, 1999 and represent the most recent results at the
time of publication. They have not been subjected to a Monte Carlo analysis to determine the means
of the distributions. The Life Cycle Cost analysis was based on “mean” results from a prior analysis
completed on June 14, 1999. The minor differences between the two datasets are due to slight
differences in the underlying assumptions and by the small skew in the distributions of the results.
The differences are not likely to have a significant effect on the results of the Life Cycle Cost
analysis.

Split air conditioning systems are subdivided into two groups depending on whether the
indoor unit included an air handler.
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Figure 4.2 Reverse Engineering Manufacturing Cost Results
(7/11/99) - 3-ton Unitary Products

Efficiency
Level

(SEER)
Split AC

(cased coil)
Split AC
(fancoil) Split HP

Packaged
AC

Packaged
HP

10 $367 $456 $622 $552 $643

11 $412 $550 - - -

12 $468 - $690 $627 $708

13 $529 $756 $840 $809 -

14 $588 $802 $1,011 - -

15 - $893 $1,147 - -

16 - $945 $1,227 - -

17 - $1,019 - - -
“-” not analyzed

Table 4.7 Reverse Engineering Manufacturing Cost Results (7/12/99) - 3-ton
Unitary Products
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Most results are based on the average cost of more than one equipment sample. The lower
efficiency levels tend to be based on more samples. Some results are missing because there were no
samples of particular classes and efficiency levels. 

4.2.8 Outbound Freight

Outbound freight is normally considered a sales expense and not a production cost. However,
in the reverse engineering analysis, outbound freight charges scale as the size of equipment changes,
so outbound freight charges are included in the production cost results. To avoid double-counting,
outbound freight is later deducted from the recommended manufacturer markup (Section 4.3.2).

4.2.9 Considering Uncertainty and Variability

The Process Rule requires the Department to consider uncertainty. Figure 4.2 indicates the
cost-efficiency relationships but does not portray the uncertainty and variability in the assumptions.
Uncertainty arises when the precise model parameters cannot be determined. Variability arises when
the precise values can be determined, but when they vary among manufacturers, suppliers, or
processes.

To quantify the uncertainty and variability in the production cost estimates, ADL used Crystal
Ball Pro to run Monte Carlo simulation analysis. (Appendix A provides more information on how
Monte Carlo simulations are conducted.) Distributions were defined for seven of the assumptions
that apply across all products. All other assumptions were considered point values, either because
of low uncertainty, or because any variation would not have much of an impact on the results. Table
4.8 describes the distributions.



c Monte Carlo analysis is computationally intensive. To save computing time, Monte Carlo results were
reported for only three equipment samples at each efficiency level in each class: the lowest cost unit, the highest cost
unit, and a fictitious unit representing the average cost of all samples of the same class and efficiency level. The mean
values reported is the mean of that average unit. The variability reported is the range between the lowest and highest
cost samples.
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Variable Shape of
Distribution

Minimum value Most likely value Maximum value

Equipment uptime triangle 75% 90% 95%

Direct labor loaded
wage

uniform $12.00 / hr - $20.28 / hr

Depreciation life uniform 75% of mean - 125% of mean

Maintenance (% of
depreciation)

uniform 3% - 6%

Utilities (% of
depreciation)

triangle 10% 20% 35%

Indirect labor cost
(% of direct labor)

triangle 30% 50% 70%

Purchased parts
price (% over ADL
estimate)

triangle 0% 0% 5%

“-” not meaningful for uniform distributions

Table 4.8  Monte Carlo Assumptions

To run a Monte Carlo simulation analysis, Crystal Ball selects inputs randomly according to
the distributions and tracks the effects on production costs. The result is a bell-shaped probability
distribution for the production cost of each equipment sample.c Rather than predicting a single
production cost, the distribution describes the likelihood that the actual production cost is equal to
a predicted value. Thus, the uncertainty in the production cost estimates can be quantified. In general,
the results were normally distributed about the mean with a standard deviation of 1.9 percent. Figure
4.3 illustrates a typical Crystal Ball output.
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Frequency Comparison
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Figure 4.3  Sample Crystal Ball Output

The preceding described how uncertainty and variability are quantified for each equipment
sample. To account for variability across samples due to differences in design, component selection,
production processes, and overhead, the variability in the sample of baseline split air conditioners
was examined. Baseline equipment is expected to show relatively low variability since baseline
products compete primarily on price. Indeed, the baseline models evaluated varied about  ±5 percent
from the mean for the 10 SEER baseline split air conditioner. Higher efficiency models exhibited
larger variation, but variation should decrease as designs converge under new standards. The
variability is expressed as a uniform distribution centered at the mean.

The final cost distribution is the combination of uncertainty and variability distributions.
About 80 percent of the resulting bell-shaped distribution is contained within ±4.5 percent of the
mean at each efficiency level. This combined distribution was the production cost input for the Life
Cycle Cost analysis.

4.2.10 Industry Review

Although the cost-efficiency results are a suitable basis for subsequent analyses, the intent
of reverse engineering  methodology was to validate industry cost-efficiency projections and
establish the absolute costs of present baseline equipment. This section describes that validation
effort.

4.2.10.1  Initial Industry Review

Preliminary reverse engineering cost results for split air conditioners were presented to the
ARI Unitary Equipment Committee on March 8, 1999. The committee members pointed out several
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aspects of our assumptions and methodology that they believed led to an underestimate of the
relative costs of higher efficiency equipment. These included:

C No conversion costs
C Production volumes too high—especially for heat pumps
C No consideration of low volume manufacturers
C Elimination of too many features in converting high-efficiency equipment to baseline

equipment
C Spot, rather than historic, pricing used for commodity prices

The Department and ADL reviewed the reverse engineering analysis in light of those
comments and reached several conclusions.

Conversion costs
There are two questions to consider when deciding whether to include conversion costs in

the production cost estimates: 1) will manufacturers incur substantial one-time costs to convert to
a new standard, and 2) will they be able to pass the costs onto their customers?

As discussed in Appendix B, the production process model does increase plant size in
response to increases in cabinet size. Other than that, since all major manufacturers produce split
systems through 14 SEER, the Department assumes that manufacturers would not incur substantial
product development costs, marketing costs, or equipment outlays to convert to standard levels
through 14 SEER. Manufacturers could incur substantial conversion costs at standards over
14 SEER, but this would not substantially raise relative costs when amortized over large production
volumes.

The Manufacturer Impact Analysis will examine conversion costs in more depth during the
NOPR phase.

Production volumes
Production volumes were intended to represent the production of 3-ton systems by a typical

manufacturer holding about 10 percent of the residential unitary market. Initially, the split heat pump
production volume was set equal to that of the split air conditioner volume: 125,000 units per year.
The Department agreed with ARI’s opinion that the value was too large and reduced the split heat
pump assumption to 25,000 units.

Low volume manufacturers
Analysis during the ANOPR phase is designed to assess impacts on consumers. Since low

volume manufacturers (less than 100,000 units per year across all capacities) supply less than
4 percent of the marketplace, their potential impact on consumer prices is relatively low. Therefore,
the Department believes it is more appropriate to maintain a high volume assumption in this analysis
and to use the Manufacturer Impact Analysis to consider differences among manufacturers based on
their production volumes.
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Elimination of features
Some industry members expressed the view that customers who expected to find premium

features in a high-efficiency model would not give them up if a new efficiency standard were
imposed at that level. As discussed in Chapter 4.2.5, the Department believes that price will continue
to drive the baseline market and that builders, dealers, and consumers who currently prefer low price,
reduced feature products will continue to do so under new standards. This will pressure
manufacturers to offer basic, low cost models in order to compete successfully.

Commodity prices
Copper and aluminum prices are presently near their all time lows in real terms, having

undergone a rapid reduction in the last 10 years. The reverse engineering analysis utilized current
prices. ARI suggested using a long-term historic average.

The Department does not disagree with the use of historic pricing per se. Adapting historic
costs would raise the absolute cost of the baseline equipment and would slightly increase the relative
costs of higher efficiency equipment. However, the component and labor prices in the reverse
engineering analysis are based also on 1998 prices. Furthermore, projections from the World Bank2

suggest that future copper and aluminum commodity prices will stay flat through 2010 rather than
returning to historic levels. For these reasons, the Department retained the 1998 raw materials prices.

4.2.10.2  ARI Results

The Department and ARI agreed on a set of basic assumptions before ARI began collecting
the data from their members. Each member who provided data to ARI estimated its own equipment
cost under each new standard relative to its own current 10 SEER equipment. On March 13, 1999
ARI provided the aggregated results of this survey to the Department consisting of the mean,
minimum, and maximum values at each efficiency level (11 SEER through 15 SEER) in each
product class, all normalized to the baseline. Since each of ARI’s members related its costs to its
own baseline, each submittal had a baseline cost of 1.0. The aggregated curve, therefore, displays
no variability in the baseline equipment.

To address the Department’s question of whether the relative costs reflected the distribution of
shipments, ARI received permission from its members to provide shipment weighted mean values.
These data, which were provided to the Department on April 26, 1999, were based on 1998
manufacturer shipments and represent 90 percent of the total industry shipments.

4.2.10.3  Second ARI Review

On May 14, 1999 the Department and ADL made another presentation to ARI and reported
results for the remaining three classes of products (split heat pumps, packaged air conditioners, and
packaged heat pumps). ARI’s members also received a spreadsheet that disaggregated the reverse
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engineering cost results into 30 categories as detailed in Appendix B. The Department pointed out
that significant and unexplained discrepancies still existed, and ARI agreed to review the results
again. Certain manufacturers contacted ADL to review the results and assumptions. The Department
believes that the modified reverse engineering model includes reasonable component and material
prices, labor rates, and overhead rates. 

4.2.10.4 Comparison Between Reverse Engineering and ARI Relative Costs

Table 4.9 compares the relative production costs provided by ARI with those developed in
the reverse engineering analysis. These data show that as  efficiency increases, ARI’s mean relative
production costs rise more rapidly than do the reverse engineering estimates. For split air
conditioners, the difference is small through 12 SEER, but grows quickly above 12 SEER. For the
other three classes, significant differences begin at 11 SEER. In all cases, the reverse engineering
estimates match or exceed ARI’s “minimum” relative costs.

The derivation of reverse engineering relative costs for the split air conditioner class is not
straightforward since fancoil and cased coil units were evaluated separately. Eighty-four percent of
the split air conditioner samples through 13 SEER were cased coil units. At 14 SEER, 57 percent
of the split air conditioner samples were cased coil. Over 14 SEER, there are no cased coil units
represented in the sample set. The relative cost calculations paralleled that equipment selection. In
Table 4.9, split air conditioner relative costs through 13 SEER represent the cost of cased coil
systems relative to the cost of the average cost of a 10 SEER cased coil system. Relative split air
conditioner costs for 15 SEER and above are fancoil system costs relative to the 10 SEER fancoil
system cost. The 14 SEER split air conditioner relative cost represents the average of both the cased
coil and fancoil costs relative to their respective 10 SEER counterparts.

Because the level of detail differs between the reverse engineering and ARI results, it is
difficult to definitively identify the reasons for the discrepancies. Industry representatives have
suggested that three aspects of the reverse engineering results significantly underestimate the
incremental production costs of split air conditioners, and that the three aspects can explain most,
if not all, of the discrepancy between the two sets of relative costs:

C Outdoor unit cabinet materials and labor
C Indoor coil materials
C Refrigerant

After reexamining those components and making adjustments, the reverse engineering results
still fall below ARI’s suggested values. ARI did not suggest improvements for split air conditioners
over 14 SEER or for the other classes.
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The Department believes that other factors may explain the remaining differences including:

C Essential features “Essential” features are defined as any product attributes that
are required to meet minimum standards of operation,
performance, and reliability at a given efficiency rating. The
Department assumes that baseline equipment sold under a
higher efficiency standard will incorporate only essential
features. Industry members might have defined essential
features differently.

C Metal prices The reverse engineering analysis assumed flat 1998 prices, but
some ARI members may assume higher prices more in line with
historic averages.

C R-22 prices Although both the reverse engineering and ARI results are
based on equipment charged with HCFC-22. Some ARI
members may have assumed an inflation in HCFC-22 prices
due to the EPA mandated HCFC-22 phaseout. The reverse
engineering analysis assumed flat 1998 HCFC-22 prices.

C Conversion costs The reverse engineering analysis assumed that a generic
manufacturer builds a modern production facility dedicated to
producing equipment at only one efficiency level. Actual
manufacturers may incur conversion costs that would result in
increasing depreciation relative to increasing product cost.

Uncertainty and variability also affect both sets of results. For example, the reverse
engineering analysis was based primarily on a sample of models and design data submitted by
manufacturers. It did not attempt to weigh the samples based on their representation in the
marketplace. Also, some efficiency levels contained relatively few samples, increasing the
uncertainty about whether those samples represent a “typical” model. These uncertainties could
either raise or lower the reverse engineering estimates with respect to ARI’s.
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Standard Level (SEER)

11 12 13 14 15 16 17

Split Air Conditioners

Rev Eng Most
Likely1 1.12 1.27 1.44 1.68 1.96 2.07 2.24

ARI 

Mean 1.16 1.36 1.63 2.03 2.40

Min 1.03 1.09 1.30 1.60 1.81

Max 1.30 1.55 1.90 3.00 3.50

Split Heat Pumps

Rev Eng Most
Likely 1.11 1.35 1.63 1.84 1.97

ARI 

Mean 1.10 1.24 1.44 1.64 2.09

Min 1.05 1.11 1.17 1.30 1.75

Max 1.15 1.35 1.66 1.88 2.52

Packaged Air Conditioners

Rev Eng Most
Likely 1.14 1.47

ARI 

Mean 1.19 1.30 1.63 1.87 2.23

Min 1.03 1.15 1.40 1.59 1.89

Max 1.27 1.40 1.75 2.00 2.92

Packaged Heat Pumps

Rev Eng Most
Likely 1.10

ARI 

Mean 1.14 1.28 1.60 1.75 2.13

Min 1.06 1.06 1.45 1.65 1.93

Max 1.25 1.50 1.90 2.30 2.47
“Cost of 1.0 represents base cost for 10 SEER for split systems and 9.7 SEER packaged systems
1 11 SEER - 13  SEER based on cased coil only, with respect to the 10 SEER cased coil system cost. 15 SEER -
17 SEER based on fancoil only with respect to the 10 SEER fancoil system cost. 14 SEER represents the mean of
relative cased coil and fancoil system costs with respect to their 10 SEER baselines. 

Table 4.9: Comparison of Reverse Engineering (Rev Eng) (7/12/99) and ARI
Relative Unitary Production Costs - 3-ton
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4.2.11 Validation of ARI Results

In all cases, ARI’s mean production cost multipliers exceed those from the reverse
engineering analysis. However, the reverse engineering cost model cannot replicate many of ARI’s
maximum values. Also, the analysis cannot explain the wide range between ARI’s minimum and
maximum values at the higher efficiency levels. This result seems to conflict with the premise that
new standards will force high-efficiency products to compete on price and keep products within the
same price variation as current baseline equipment. Without further explanation from ARI as to the
assumptions behind their maximum values, the reverse engineering cannot validate ARI’s results
completely.

4.3 DISTRIBUTION MARKUPS

The Life Cycle Cost Analysis requires among its inputs 1) the price consumers pay for
baseline equipment, and 2) the incremental prices they must pay to purchase higher efficiency levels
equipment assuming efficiency standards set at those levels. at higher efficiency levels. For the water
heater and ballast rulemakings, the Department  relied on market surveys to determine retail prices
and has applied relative cost-efficiency curves to determine incremental prices. That approach works
well for appliances that consumers can purchase directly since retail prices are easy to ascertain.
However, in the central air conditioning market, dealers sell equipment as part of an installation
package and do not list retail equipment prices separately from installation cost. The Department has
notified the public of its intent to survey contractors across the country to ascertain retail equipment
prices, but the process is lengthy and the quality of the expected results is uncertain. Differences in
local markets, weather conditions, demand, and many other factors can all affect the price contractors
charge for air conditioning equipment. 

As an alternative to the retail price survey, ADL determined typical markups along the
distribution chain from the manufacturer through the consumer. The Department also used this
approach in the clothes washer rulemaking. The markup approach makes it possible to  estimate a
retail price from the manufacturing cost. Representative markups were determined from the top
down using publicly available corporate and industry data. This approach is transparent and avoids
the confusing and largely irrelevant differences with which a survey must contend. However, because
it depends on high level information, it risks overlooking details that are important to the analysis.

4.3.1 Description of Distribution Chain

Most residential central air conditioning equipment passes through a two-step distribution
chain: 1) manufacturer to distributor, and 2) distributor to dealer. Lennox uses one-step distribution
(manufacturer to dealer) and is the only notable exception. Several large retailers are trying to step
between distributor/wholesalers and dealer/contractors as a third step, but most experts do not expect
the trend to change the distribution chain significantly in the near term.



d With Carrier’s offer of June 24, 1999 to purchase ICP, the top seven manufacturers will soon control
97 percent of the residential unitary market.
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Source: Appliance, September 1998
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Figure 4.4  Residential Unitary 
Equipment  Market  Shares (1997)

Roughly two dozen equipment manufacturers, several hundred distributors, and more than
30,000 dealers operate in the United States. Due to a wave of consolidation over the last 15 years,
the top eight manufacturers control 97 percent of the market share (see Figure 4.4).d  Most remaining
small manufacturers produce only indoor coils or niche product lines.

Equipment manufacturers sell most of their products directly to distributors (also called
wholesalers.) Distributors sell to dealers at the distributor (wholesale) price. Distributors absorb
short-term imbalances in supply and demand, allowing manufacturers to operate more efficiently and
satisfying consumer needs for fast deliveries. Distributors may specialize in HVAC equipment or
may deal in other products. They are also important sources for lucrative after-market parts that boost
margins. Distributors compete on price and service, although geographic boundaries and
relationships prevent margins from being squeezed to commodity levels.

Most dealers compete at the local level. Many carry more than one brand, and most install
the products they sell. Some are engaged in other contracting business, and most do commercial
work. Dealers are consolidating rapidly in the wake of similar trends at the wholesale and
manufacturer levels. There are now several large, national, publicly traded air conditioning dealers.
Lennox has also acquired dealers to complement its vertical integration of its distribution channels.

At each point in the distribution chain, companies mark up the price of the equipment to
cover their business costs and profit margin. In financial statements, gross margin is the effective
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markup on a company's cost of sales. It includes all corporate overhead costs; sales, general, and
administration (SG&A); research and development (R&D) and interest expenses; depreciation and
taxes; and profits. In order for sales of a product to contribute positively to company cash flow, its
markup must be greater than the corporate gross margin less the company's operating profit margin.
Individual products may command a lower or higher markup depending on their perceived added
value and the competition they face. The Department assumes that gross margins on baseline
residential unitary equipment are lower than the average gross margin of a diversified company.

4.3.2 Determination of the Manufacturer Markup

Publicly held corporation file annual reports (10-Ks) with the Securities and Exchange
Commission (SEC). There are five sets of 10-K reports for the five publicly traded air conditioner
manufacturers (listed in Table 4.10 as Mfr. A – Mfr. E) served as the basis for the estimation of the
manufacturer markup. Together, the five companies hold about 75 percent of the unitary market.
Manufacturers C, D, and E engage substantially in business other than the production of air
conditioning equipment. Manufacturer E engages substantially in business not related to buildings
equipment. All companies sell products other than residential unitary air conditioning, including
furnaces, applied air conditioning, and after market parts. Many of these other products command
higher margins than do baseline air conditioners. 

Of the five public companies, Manufacturer A is most dependent on residential unitary sales,
and we expect its financial statement to be most indicative of the markups on residential unitary
products. However, its five year average is adversely affected by extraordinary restructuring charges
in 1995. Manufacturer B, because it is also engaged solely in the air conditioning business, is also
a good example. The others represent markups on building products overall.

During site visits, several manufacturers remarked that pretax profit margins (earnings before
tax, or EBT) on baseline units are between 0 and 2 percent, compared with the 3 to 6 percent that
is typical for the companies overall. To remove the effect of varying corporate profit margins on the
gross margin calculations, a 1 percent profit margin was substituted for each companies actual EBT.
In the subsequent manufacturing impact analysis, the Department expects to determine the actual
profit margin on baseline equipment in a more rigorous manner.

Table 4.10 lists the corporate gross margin, gross margin adjusted for baseline equipment,
and corresponding markups for each of the five manufacturers. Outbound freight was then deducted
since it is already included it in the reverse engineering cost estimates (see Section 4.2.8). Figures
are listed for 1997 as well as the averages over the preceding four years.
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Year(s) Mfr A Mfr B Mfr C Mfr D Mfr E

Revenues
related to air
conditioning 

1997 100% 100% 25% 60% 25%

Corporate
gross margin

1997
1993-97

20.1%
17.4%

19.9%
21.0%

26.7%
27.7%

25.4%
25.2%

24.5%
24.0%

Baseline gross
margin

1997
1993-97

17.6%
19.6%

18.4%
18.5%

23.9%
24.5%

22.5%
23.1%

18.4%
19.1%

Markup 1997
1993-97

1.21
1.24

1.23
1.23

1.31
1.32

1.29
1.30

1.23
1.24

Markup (less
freight-out)

1997
1993-97

1.15
1.18

1.17
1.17

1.25
1.26

1.23
1.24

1.17
1.18

Sources: SEC 10-K reports (1993-1997)

Table 4.10  Manufacturer Gross Margins and Markups

Gross margin 1997
1993-97

27.0%
26.9%

Markup 1997
1993-97

1.37
1.37

Source: 1998 Wholesaler PROFIT Survey Report, Air
Conditioning and Refrigeration Wholesalers Association
(1998).

Table 4.11  Distributor Gross Margins and
Markups 

The Department proposes to use a most likely manufacturer markup of 1.18 to approximate
the five-year averages of Manufacturers A and B and a range of 1.15 to 1.26 to account for
manufacturer variability.

4.3.3 Determination of Distributor Markup

Table 4.11 lists the median 1997 gross margin for 14 members of the Air Conditioning and
Refrigeration Wholesalers engaged in the sale of air conditioning and heating equipment.

The Department proposes to use a single distributor markup of 1.37. As expected, this is lower than
the markup of 1.41 applied by distributors of parts and supplies.
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ACCA
(new)

ACCA
(retrofit)

Dlr A Dlr B

Gross margin 29.1% 38.4% 35.2% 27.8%

Markup 1.41 1.63 1.54 1.38
Source: Financial Analysis for the HVACR Contracting Industry, Air
Conditioning Contractors of America (1995)

Table 4.12: Dealer Gross Margins and Markups

4.3.4 Determination of Dealer Markup

Dealers, or contractors, sell equipment to consumers at the dealer price. However, since the
dealers also install the system, the consumer pays an installed price that includes all labor, materials,
and markups required to install the equipment. Flat rate pricing hides the actual dealer price of the
equipment alone. For this analysis, the representative gross margin for dealers applies evenly to all
dealer costs, including equipment.

Table 4.12 lists gross margins and corresponding markups for contractors represented by the
Air Conditioning Contractors of America (ACCA) and two contractor consolidators (shown in Table
4.12 as Dlr A and Dlr B). The ACCA Financial Analysis for the HVACR Contracting Industry
provides financial information on member companies aggregated by size and types of service. The
results quoted here apply to contractors who identify themselves as "Residential or Light
Commercial" dealers, both for new construction and retrofit. Dealers A and B are national public
companies that buy smaller independent dealers and consolidate them. Both companies focus on
residential markets, but over half of Dealer B’s revenues come from plumbing and electrical
contracting and other services.

Since about 66 percent of the market is retrofit3, the average ACCA markup would be
(0.34)(1.41)+(0.66)(1.63), or 1.55, which agrees very well with Dealer A’s markup. ICF Consulting
has indicated that typical equipment markups on a direct replacement are between 1.37 and 1.414.
Although we suspect that actual markups are closer to the ICF level, the weight of evidence leads
the Department to adopt a most likely dealer markup of 1.55, with a range from 1.37 to 1.63.

4.3.5 Determination of Sales Tax

In many cases, local and state governments apply sales taxes to air conditioner purchases. The
sales tax applied to the dealer price yields the retail price paid by the consumer. Table 4.13 lists the
cumulative and shipment-weighted sales tax rates based on 1997 state sales tax data5, 1997 local
sales tax data6, and 1994 state unitary shipment data7. The mean sales tax rate is 6.7 percent,
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Combined Sales Tax Rate (nearest whole percent)

0% 5% 6% 7% 8% 10%

1% 10% 29% 37% 22% 1%

Table 4.13: Distribution of 1994 Unitary Shipments at
Various Sales Tax Rates

Mean Low High

Manufacturer 1.18 1.15 1.26

Distributor 1.37 1.37 1.37

Dealer 1.55 1.37 1.63

Sales tax 1.07 1.05 1.08

Total Markup 2.68 2.27 3.04

Table 4.14  Markups on Baseline Residential Air Conditioners

corresponding to a markup of 1.07. The Department proposes to adopt this distribution for the sales
tax paid.

4.3.6 Total Markup

The Department proposes to adopt an overall markup from manufacturer to consumer of 2.68
as shown in Table 4.14. This assumes that the manufacturer’s outbound freight is included as a
production cost and not as part of the manufacturer markup (Section 4.3.2). Including outbound
freight in SG&A and removing it from production cost would yield a total markup of 2.82.

4.4 MAX TECH

The highest efficiency level that is “technologically feasible and economically justified” is
known as “Max Tech.” A product can be technologically feasible without being either commercially
practical or economically justified.



e In heat pumps, the role of the condenser and evaporator reverses in the heating mode, but the names remain
the same.
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Based on a limited assessment of thermodynamic limitations and potential system
improvements, the Department estimates that the highest technologically feasible level for 3-ton air
conditioners is 30 EER, but that equipment is not commercially practical. The highest commercially
practical efficiency level is estimated to be nearly 16 EER, or 20 SEER. Thus, the Department is
proposing to eliminate from consideration any potential standard level that exceeds a 20 SEER rating
as not commercially practical, and therefore, not economically justified.

The Department did not estimate the cost of all equipment through 20 SEER, but is confident
that their costs would increase at least in proportion to their efficiency. For example, the cost of a
20 SEER split air conditioner is expected to cost at least 17 percent more than the 17 SEER split air
conditioner evaluated: (20-17)/17 = 17%.

The remainder of this section examines in more detail the factors that determine Max Tech
and the highest efficiency level that is commercially practical.

4.4.1 The Vapor Compression Cycle

Conventional air conditioners utilize a thermodynamic cycle known as the vapor-
compression cycle to cool interior air and reject the heat to exterior air. (In heating mode, heat pumps
operate the cycle in reverse, cooling the exterior air and heating the interior air.) Heat is transferred
between the interior and exterior air using a intermediate refrigerant like HCFC-22. The refrigerant
passes through the tubes in tube-and-fin heat exchanger “coils” as air passes over the fins.

Within the air conditioner, cold refrigerant gas accepts heat in the evaporator and rejects it
in the condenser.e A compressor pumps refrigerant to the condenser, raising its temperature and
pressure in the process. In the condenser, the hot gas rejects heat to the outside air and condenses into
a liquid. After leaving the condenser, the liquid refrigerant passes through an orifice or expansion
valve and returns to the evaporator at a lower pressure. In the evaporator, the cold gas accepts heat
from the indoor air. Some of the heat comes from water vapor (humidity) as it condenses on the
evaporator coil.

4.4.2 Technically Feasible Efficiencies

Technical feasibility implies that a system is not only theoretically possible, but is capable
of being designed, constructed, and operated. A technically feasible system may be quite costly or
may exceed constraints such as size or comfort and may, therefore, not be commercially practical.



f The formula for determining First Law efficiency in EER is 3.412 *TL/(TH-TL) where TL and TH are the lowest
and highest temperatures in the system in Rankine (0EF = 460 R).
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4.4.2.1  Carnot Efficiency

The ideal efficiency of a vapor compressor cycle can be expressed in terms of its comparison
to the efficiency of a Carnot cycle. The Carnot cycle is an ideal cycle because it is perfectly
reversible. It is impossible for real equipment to achieve Carnot efficiency because real processes
are not reversible. For the EER test, the outdoor and indoor air temperatures are 95EF and 80EF
respectively. These conditions yield a Carnot efficiency of 123 EER.f

The requirement for dehumidification lowers the evaporator temperature and reduces the
Carnot efficiency. Air conditioners remove humidity by cooling the air, and the water vapor it
contains, to a temperature that induces water vapor to condense. Assuming that the air conditioner
is designed to lower the indoor wet bulb temperature from 67EF to 62EF, both at a 77EF indoor dry
bulb temperature, the evaporator must cool the indoor air to its dew point temperature of 52EF. This
requirement reduces the Carnot efficiency to 41 EER. It is theoretically, but not technically, possible
to build a system that approaches this Carnot efficiency.

4.4.2.2  Practical Barriers to Carnot Cycle Equipment

The use of an expansion valve or orifice in conventional air conditioners results in
superheated vapor that must be returned to a liquid in the condenser. A Carnot system would replace
the expansion device with a turbine or other mechanical expander that could generate power as the
refrigerant expands. The power generated would then be used to power the compressor. The Carnot
system also would use another compressor to raise the pressure of the refrigerant to its saturation
pressure before it reaches the condenser. The added cost and maintenance associated with the extra
compressor and power transmission equipment is prohibitive for residential applications.
Furthermore, each piece of real equipment would contribute inefficiencies that would reduce the
overall effectiveness of the system.

4.4.2.3  Irreversibilities

As an ideal cycle, the Carnot cycle is comprised of a set of perfectly reversible processes.
Real cycles, on the other hand, contain several imperfections that result in irreversible processes.
These include:

C Pressure drops due to fluid friction as the refrigerant and lubricant flows through the
system

C Transfer of heat to the environment at points other than the heat exchangers
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Component Fraction of Total
Irreversibility (%)

Evaporator 19
Suction Line 4
Compressor 32
Discharge Line 6
Condenser 17
Liquid Line 0
Expansion Device 23

Source: 1997 ASHRAE Handbook 

Table 4.15  Sources of Irreversibility in a
Conventional Refrigerator

C Inefficient compression and expansion due to friction heating and heat transfer
between the refrigerant and the compressor or expansion valve

C Compressor motor inefficiency and transfer of heat from the compressor motor to the
refrigerant

The 1997 ASHRAE Handbook– Fundamentals (F-1.13) gives some relative values for
sources of irreversibility in a 2-ton refrigeration system operating between the temperatures of 20EF
and 90EF (Table 4.15).

There is also significant irreversibility associated with the transfer of heat at the heat
exchangers. The Carnot cycle assumes that there is no temperature difference between the heat
exchangers and their surroundings. For this to be possible, the heat exchanger surfaces have to be
infinitely large or the heat transfer coefficient would have to be infinitely high.

4.4.2.4  Practical Barriers to Eliminating Irreversibilities

Manufacturers can do several things to reduce irreversibilities, but because of various
thermodynamic and operating constraints, they cannot eliminate them altogether:

C Actual systems must maintain a high enough temperature difference between the
refrigerant and the air to result in sufficient heat transfer within a finite space. The
smaller the heat transfer surface, the higher the required temperature difference. The
impact of this constraint is significant. For example, a temperature difference of 25EF
at the condenser and 10EF at the evaporator reduces the maximum attainable cycle
efficiency to 22 EER.
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C Refrigerant velocities in actual systems must be high enough to entrain the
compressor lubricant and return it to compressor. This limits tube diameters and
results in unavoidable drops in pressure.

C Cost, size, weight, and maintenance considerations all prevent the substitution of a
mechanical expander for the expansion device in conventional residential systems.
However, such a substitution is technically feasible.

C Insulation of lines and components can be highly effective, but would have only a
slight impact on system efficiency. Cost is the primary constraint, although a highly
insulated system is technically feasible.

C Clearances in the compressor can be reduced to lessen internal circulation between
high and low pressure zones. This is technically feasible to a point, but increases cost.

4.4.2.5  Parasitics

Electric power consumed by components other than the compressor are called parasitics.
Equipment parasitics consume system power and affect system EER and SEER ratings, but are not
accounted for in the calculation of the vapor-compression cycle efficiency. Fan motors are the most
significant of these. Controls are another example. Parasitic requirements can account for up to 25
percent of the power consumed in a conventional residential air conditioner.

4.4.2.6  Practical Barriers to Eliminating Parasitic Losses

Again, manufacturers have a few options for reducing parasitic losses, but they cannot
eliminate them:

C Fan power can be reduced by improving fan aerodynamics, increasing motor
efficiency, and improving air flow in the equipment cabinet. Aerodynamic and
airflow improvements typically signify slower, larger fans and contoured cabinets.
Size and cost are primary considerations, although significant improvements over
conventional systems are technically feasible.

C Heat exchangers can be designed that impose less air resistence also reduce fan
power (e.g. tubes without fins). However, they may reduce the coil’s ability to
effectively transfer heat and cause a countervailing increase in compressor power.
Still, coil designs that are capable of reducing air resistence while maintaining coil
effectiveness are technically feasible.
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4.4.2.7  Max Tech

Starting with a theoretical efficiency of 41 EER, and assuming that parasitics and
irreversibilities are kept to a minimum while maintaining reasonable constraints on heat exchanger
size, the technically feasible rating for a residential air conditioner is expected to be on the order of
30 EER. However, such a system would not be commercially practical since it would require an
expander and would possess heat exchangers that would make the system too large for residential
service.

4.4.3 Commercially Practical Efficiencies

Given the conventional use of an expansion valve or orifice, condenser and evaporator size
limitations, and projected improvements in compressor and heat exchanger technology, the highest
efficiency level expected to be commercially practical is on the order of 16 EER by 2007.

Although EER is a straightforward measure of equipment efficiency at a particular set of test
conditions, the federal efficiency standard is based on the Seasonal Energy Efficiency Rating, or
SEER test. The SEER test attempts to quantify the energy consumed by an air conditioning system
over an entire cooling season in a typical U.S. home as a function of the cooling load. Although the
SEER test procedure differs with the type of system being rated, it favors equipment that performs
most efficiently at an 82EF outdoor ambient temperature—much lower than the 95EF EER test point.
The SEER test also considers cyclic losses caused by equipment startup and shutdown.

There is no direct relationship between EER and SEER across product types. However, there
are strong correlations in systems with single capacity, single speed compressors and in systems that
are totally modulating (see Figure 4.8, page 54). Assuming a commercially feasible limit of 16 EER,
the estimated commercially feasible SEER rating is 20 SEER.

The Department did not estimate the cost of all equipment through 20 SEER, but is confident
that their costs would increase at least in proportion to their efficiency. For example, the cost of a
20 SEER split air conditioners would be at least 17 percent more than the 17 SEER split air
conditioner evaluated: (20-17)/17 = 17%.

4.4.4 Prospects for Near-Term Efficiency Gains

The commercially practical efficiencies outlined above exceed the best efficiency of today’s
equipment by over 1 EER (6 percent) and 2 SEER (10 percent). That improvement requires advances
in several system components.

The compressor would be the first place to look for efficiency gains, but as Figure 4.5
illustrates, compressor efficiency has been topping out after rapidly increasing over the past two
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Figure 4.5  Historical Compressor EER Improvements

Courtesy of Copeland Corporation (1998)

decades. Compressor manufacturers expect no more than a 3 percent increase in compressor
efficiency by 2007.

According to some manufacturers, fan motors and improved air flow present the greatest
potential for efficiency gains. Conventional permanent split capacitor (PSC) motors operate at
typically 60 percent efficiency. Electrically commutated motors (ECMs) can boost that to more than
85 percent. However, the highest efficiency systems already incorporate ECMs, and there is no
prospect for further efficiency improvement in ECMs the near future. There may be opportunities
to improve internal air flow and slightly reduce fan power consumption in both the indoor and
outdoor units. This would rely on improvements in fan design and cabinet configuration and
contouring.

Friction losses related to refrigerant flow restrictions are difficult to reduce without increasing
the flow diameters within the system. However, larger tube sizes reduce heat transfer and impede
oil return. Equipment must meet these types of size and operational constraints in order to be
considered commercially practical. Therefore, no near-term reductions in refrigerant flow resistance
are expected.

Heat exchanger improvements can improve system efficiency by lowering condensing
temperatures, increasing evaporator temperatures, or lowering fan power consumption. Current
round tube, plate fin (RTPF) technology is mature, however, and no significant advances are
expected. Other heat exchanger configurations can be more effective, but are not cost effective in
the SEER range dominated by single speed systems.



gThe term "central air conditioner" means a product, other than a packaged terminal air conditioner, which -
(A) is powered by single phase electric current; (B) is air-cooled; (C) is rated below 65,000 Btu per hour; (D) is not
contained within the same cabinet as a furnace the rated capacity of which is above 225,000 Btu per hour; and (E) is
a heat pump or a cooling only unit.
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4.4.5 Other Cooling Technologies

Although the vapor compression cycle dominates air conditioning technology, other not-in-
kind cooling effects exist that are not subject to many factors that constrain the efficiency of
conventional equipment. Four not-in-kind technologies are absorption, evaporative, dessicant and
thermoelectric cooling. None of these is compatible with the definition of central air conditioners
in NAECAg, so are not considered further.

4.5 EMERGING TECHNOLOGIES

The reverse engineering cost estimation methodology lends itself to the analysis of products
that are currently available. However, assessing the effects of emerging technologies that have not
found their way into the market requires additional analysis based on those results. Emerging
technologies can be incorporated into a reverse engineering analysis if their effects on the cost and
efficiency of conventional systems are known.

For example, assume that a manufacturer is developing a new high-efficiency compressor,
and that modeling data suggest that replacing a conventional compressor with the advanced
compressor could boost system efficiency from 10 SEER to 11 SEER. Knowing the price of the new
compressor, the cost of the 11 SEER system can be determined by adding the cost of the new
compressor to the cost of the 10 SEER components. If the difference in price between the
conventional and new compressors is less than the difference in manufacturing cost between the
balance of the two systems, the new compressor will lower the cost-efficiency curve at 11 SEER.

This technique can assess the impacts of more than one emerging technology at a time.
Suppose test data show that substituting an advanced heat exchanger into a conventional system can
have the same effect, boosting efficiency from 10 SEER to 11 SEER. Since the compressor and the
heat exchanger are independent, their cost impact on the system can be estimated as the product of
both individual impacts on the system. Components that are not perfectly independent would have
a lesser combined effect.

Although convenient and transparent, this technique is only an estimate of the potential
impact of emerging technologies on the conventional cost-efficiency relationship. When certainty
is essential, the technique cannot substitute for testing or modeling. The emerging technology
analysis can suggest the likely effect on the reverse engineering cost-efficiency curve, but should not
be considered definitive.
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4.5.1 Technological Advances to be Considered

Section 1 introduced the emerging technologies that pass the NAECA screening criteria:

C Variable speed motor control (DC controllers and AC inverters)
C Advanced compressors (Bristol TS™, Copeland Modulating Scroll™)
C Microchannel heat exchangers (Modine PF™)

This section further explains these technologies and assesses their potential impacts on the
production costs of the conventional systems estimated using reverse engineering.

4.5.1.1  Variable Speed Motor Controls

Because of practical limitations on equipment efficiency as measured by EER, variable speed
(VS) systems dominate the market over 15 SEER, and it is rare to find a system over 13 SEER that
does not incorporate a variable speed indoor blower. In addition to the SEER benefits provided by
VS systems, they are more flexible than single-speed systems and offer consumers added comfort
and lower energy consumption.

VS systems currently use either alternating current (AC) inverters or direct current (DC)
controllers depending on the motor type. For example, a type of permanent magnet DC motor, the
electrically commutated motor, (ECM) is now the typical choice as an indoor fan motor in high
SEER systems. The SEER benefit is a combination of higher motor efficiency (80 percent versus 60
percent) and variable speed capability. 

With compressor and fan motor efficiencies already nearing their practical limits,
manufacturers will continue to turn to VS systems for cost effective SEER boosts. Continued
advances in power supply and digital control technologies will make VS systems more reliable and
less costly. These trends will tend to drive the use of variable speed systems in lower SEER levels
and will lower the cost of systems over 14 SEER. Manufacturers can choose to give up some of the
SEER gains by making high efficiency systems smaller and more marketable.

With all their potential benefits, VS systems have some significant drawbacks that could
prevent manufacturers from favoring them in their mass market products. First, residential service
technicians have not been exposed to control systems as complex as those found in VS equipment.
Manufacturers are likely to introduce such systems slowly to allow contractors ample time to hire
and train qualified technicians so that VS systems do not gain a reputation for poor quality and high
repair costs. Second, power electronics generate electrical noise. If not properly filtered, the noise
can affect sensitive electronics elsewhere in the power grid and can generate radio interference.
Stricter filtering requirements would add to the cost of VS equipment and may make them less cost
effective.
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While VS fan motors are certainly viable, the largest SEER impact comes from incorporating
VS technology into compressors. The current SEER test does not offer VS systems much of a benefit
over two-capacity equipment, so existing VS compressor controls are generally not cost effective.
However, developments in switched reluctance motors (SRMs) and ECMs for hermetic compressors
could ultimately offer a true VS compressor at only a slight premium over a single-speed compressor
equipment.

4.5.1.2  Advanced Compressors

Compressor manufacturers are pursuing advanced designs that can raise EER and SEER
ratings. Most of these efforts are still confidential, but manufacturers have announced two products
that show particular potential. Both the Copeland Modulating Scroll and the Bristol Twin-Single,
or TS™, reciprocating compressor will offer original equipment manufacturers (OEMs) the ability
to produce a simple two-capacity system that may be cost effective in the range of existing
modulating systems.

The TS™ deactivates one of its two pistons when running in reverse. A TS™ system requires
additional compressor motor controls and a two-speed indoor blower motor inverter. York began
offering TS™ systems in an upgraded version of its Stellar product line in the summer of 1999.

The other impending advances in compressor technology come from Copeland who has
announced that it will introduce its Modulating Scroll™ technology in early 2000. The Modulating
Scroll™ also functions as a two-capacity compressor, and OEMs would use it for the same reasons.
Rather than reversing direction, the Modulating Scroll™ recirculates refrigerant internally to achieve
a lower capacity at a single speed. The compressor offers many of the same advantages as Bristol’s
TS™ and could provide an alternative in larger, quieter systems where the scrolls have held the
advantage over reciprocating compressors.

Modulating compressors perform best at low capacity. At high capacity, they are likely to be
louder and slightly less efficient than their single capacity counterparts.

4.5.1.3  Microchannel Heat Exchangers

Modine Manufacturing produces a proprietary heat exchanger that it calls PF™. Unlike a
conventional round tube plate fin (RTPF) heat exchanger, the PF™ has a rectangular cross-section
containing several small channels through which refrigerant passes. The result is enhanced heat
transfer and lower airflow resistance, both of which improve system EER ratings. The PF™ offers
particular opportunities to reduce the size and weight of the heat exchanger. For those reasons it has
made substantial inroads into the automobile air conditioning market. The PF™ has not penetrated
the building air conditioning markets where size and weight constraints are not as important.
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Modine and some OEMs have performed limited testing of PF™ systems, and the company
has recently partnered with Daikin in a joint venture to introduce commercial products that
incorporate the PF™.  Peregrine Industries has announced that it plans to offer a residential product
line based on a similar technology in 1999 for sale in coastal markets8.

Although microchannel heat exchangers can slightly reduce fan power consumption and the
degradation coefficient, their main benefit is to allow OEMs to produce single speed systems with
SEER ratings near those of VS or modulating systems in a comparable size. That allows them to stay
within their size constraints while avoiding the added cost and complexity of VS controls and
motors.

However, microchannel technology must overcome several hurdles if it is to achieve
significant market penetration by 2007. First, OEMs and technicians are not familiar with the unique
operating characteristics of the microchannel compared to the RTPF. This will limit the pace of
product development and support. Second, OEMs, most of whom produce their own RTPF coils,
will not choose to adopt the microchannel technology unless it secures them certain cost and market
advantages. Third, the microchannel heat exchanger is not proven on a large scale in unitary
equipment, so there is little information regarding how it impacts system reliability. Lubricant and
condensate return and corrosion are all important concerns.

4.5.2 Combined Potential of Emerging Technologies

Table 4.16 summarizes our conclusions regarding the most likely impact of emerging
technologies on the cost of 3-ton split air conditioning systems. The reverse engineering results
captured in the CAC Cost v2.2 spreadsheet (Appendix B ) were used to estimate the cost impacts of
emerging technologies by substituting components at each efficiency level in accordance with the
component manufacturer’s guidelines. Except where indicated, assessments were based on test, cost,
and performance data provided by component suppliers and OEMs. Most of that data is proprietary,
so the disaggregated results are not reported.

The Department assumes that OEMs will adopt a new technology only if it promises to lower the
cost of the system relative to conventional technologies. Therefore, if a technology tends to increase
the cost of a system, the amount of increase is not reported.

Table 4.16 also provides an assessment of the likelihood that the product will be
commercially viable at the time a new standard becomes effective (2007) under a standard level that
is most favorable to it. “Commercially viable” means that a product will be commercially practical
and meet a price point acceptable for mass market products. This assessment reflects the level of
resistence to the broad adoption of a new technology given the other viable alternatives.
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Efficiency
Level

VS Compressor
Motors

Advanced
Compressors

Microchannel
Heat Exchangers

Next
generation

VS Fan
Motors

Total 
Impact on
System
Cost3

Certainty of Commercial Viability by 20071

10% 50% 20% 90%

10 + + + + +

11 + + + + +

12 + -1% + + -1%

13 + -4% 0% -3% -7%

14 + -10% 0% -6% -15%

15 +2 -12% + -5% -16%2

16 -2%2 -7% 0%2 -4% -11%2

17 -2%2 -5%2 +2 -4% -9%2

+ Tends to raise production costs.
1 “Likely impact” is the product of each technology’s potential cost impact and the certainty of its commercial viability.

To determine “Potential Impact”, divide the Likely Impact by the Certainty.
2 Includes extrapolations of manufacturer-supplied data.
3 Assumes systems adopt all cost-effective technologies and that system cost impacts compound. Thus, the total impact

is the product of the individual impacts (e.g. a -7% impact and a -10% impact equal a -16% combined impact (0.93 x
0.90 = 0.84).

Table 4.16  Likely Impact1 of Emerging Technologies on the Production Cost of 3-ton
Split Air Conditioners by 2007

The final column in Table 4.16 lists the likely impact for each efficiency level assuming that
all technologies will be available with the certainties listed. The technologies interact and have a
compound effect on the system cost.

Table 4.16 indicates a clear potential for emerging technologies to reduce system costs at
13 SEER through 17 SEER. This conclusion suggests that for standard levels below 13 SEER,
emerging technologies may not come into play. However, should the other rulemaking analyses
suggest standard levels of 13 SEER or above, a more rigorous assessment of emerging technologies,
possible including modeling and testing, may be warranted.

4.5.3 Uncertainty in the Emerging Technology Assessment

The Emerging Technology assessment contains a high degree of uncertainty in three areas:
cost projections, system performance, and commercial viability estimates.
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The degree of uncertainty inherent in manufacturer cost projections is high early in development, but
decreases as the commercial production date approaches. Cost projections depend on the success of
production processes and design modifications and the realization of production volumes that result
in significant economies of scale.

Since developmental technologies might have been tested thoroughly under actual conditions
in a wide variety of systems, projections of system performance also contain some uncertainty. For
example, although a manufacturer may be confident that a new compressor can boost system
efficiency by 1 SEER for only a small added cost, actual operation might reveal that other system
components may have to be modified (e.g. new coil configuration, sound attenuation) in order to
actually produce the system. So, while the cost projection of the new technology may turn out to be
accurate, the projected cost reduction on the entire system might be overestimated.

Commercial viability estimates contain the most subjectivity of any of any of the assumptions
in the emerging technology analysis. Although it is possible to project commercial adoption rates
through modeling, the Department has chosen not to do so at this stage. Therefore, the commercial
viability estimates may be lower or higher than the actual situation as it currently exists. However,
since commercial viability estimates affects results only for standard levels that show some cost
savings potential, they do not come into play at levels below 13 SEER.

4.5.4 Potential of Emerging Technologies to Impact Niche Products

Emerging technologies can have an even more significant impact on the niche products
identified in Section 4.6.2.2. Cabinet size is a major constraint to improving niche product efficiency,
and all of the emerging technologies can improve either EER or SEER ratings without increasing
size. This not only means that niche products may be able to attain higher viable efficiencies—they
may be able to attain those levels at a much lower cost.

4.5.5 Issues Associated with Proprietary Technologies

Where a company holds exclusive rights to produce and sell an emerging technology, a new
standard that favors that technology can potentially reduce competition. At this point, however, the
Department believes that enough viable competing technologies exist at each efficiency level to
encourage vigorous competition at any potential standard level. The Manufacturer Impact Analysis
is the appropriate vehicle for examining effects of new standards on component suppliers in order
to confirm this preliminary conclusion.
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4.6 PRODUCT CLASSIFICATIONS

NAECA segmented central air conditioners into four classes: split cooling-only, split heat
pump, packaged cooling-only, and packaged heat pump. The Department assessed whether these
class designations are justified and whether new classes are needed.

4.6.1 The Case for Eliminating or Combining Existing Classes

The four existing classes are defined based on 1) whether equipment provides cooling only
or also provides electric heating, and 2) whether a system is split or packaged. This section examines
whether those four classes are justified from a technical standpoint.

4.6.1.1  Heat Pump versus Cooling-only

In addition to the features offered by cooling-only air conditioners, heat pumps offer electric
heating. This unique feature and the different energy use that results continue to support separate
classifications for heat pumps. No manufacturer has expressed a strong desire to eliminate the
separate classifications for heat pumps.

In Section 4.8.1 the relationship between seasonal heating efficiency (HSPF) and seasonal
cooling efficiency (SEER) is examined to determine whether the separate HSPF standard is
warranted.

4.6.1.2  Split versus Packaged 

The special installation capabilities for packaged systems also offer utility that differs from
that of split systems. This supports the separate classes for packaged systems. The Department
examined whether the different efficiency standards for packaged systems are justified from a
technical standpoint.

Packaged systems currently face less stringent SEER and HSPF standards than do split
systems. The intent is to compensate packaged equipment for efficiency losses due to heat transfer
between the evaporator and condenser compartments. There are two reasons why packaged
equipment may not require a lower efficiency standard.

First, split systems incur refrigerant line losses that packaged systems do not incur. Some
manufacturers have expressed that line losses and cabinet losses are similar in magnitude, and
therefore, packaged systems do not deserve an efficiency advantage.



h There may be niche packaged products that do face special size constraints which should be considered
separately.
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SEER PAC PHP

9.70-9.99 15 4

10.0 96 89
Source: ARI Unitary Directory, February-July 1998

Table 4.17  Available Packaged Systems Models Rated
at and below 10 SEER

Second, no physical constraint prevents a typical packaged systems from attaining the same
minimum efficiency as split systems.h  Boosting the efficiency of packaged systems by 0.3 SEER to
match that of split systems is trivial from a design standpoint. Based on the reverse engineering
analysis, the costs of raising packaged system efficiency by 0.3 SEER would is expected to be
roughly 3 percent. This would not be expected to alter the distribution of sales in the marketplace.
In fact, as Table 4.17 shows, most manufacturers do not take advantage of the lower standard. They
prefer instead to incur a bit more cost to align their marketing approach with that of their split
systems.

At higher efficiency levels, packaged systems possess an advantage over split systems. Since
they are usually roof-mounted, they typically face less stringent footprint and height constraints.
Although weight constraints can be important, packaged systems can attain higher EER ratings than
split systems by using larger evaporator and condenser coils.

No manufacturer has expressed a strong desire either to continue or to eliminate the disparity
between efficiency standards between packaged and split systems.

Packaged systems continue to possess unique utility. However, there is little technical
justification for continuing to establish an efficiency standard that is different from that of split
systems.

4.6.2 The Case for Creating Additional Classes

Some manufacturers have expressed a desire for the Department to create classes other than
the four that are currently established. This section assesses those proposals.
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Figure 4.6  Distribution of Split Air Conditioner Models by Capacity and
Efficiency

4.6.2.1  Classes for Different Cooling and Heating Capacities

During the manufacturer interviews, some manufacturers remarked that they have more
difficulty attaining higher efficiencies in low and high capacity systems (below 30,000 BTU/h and
above 48,000 BTU/h) than in mid-capacity systems. This situation could justify the creation of new
product classes based on product capacity and allow the Department to impose a less aggressive
standard on small and large capacity equipment.

According to manufacturers, low capacity equipment has difficulty meeting higher standards
because 1) efficient compressors are more costly to produce in small capacities, and 2) cyclic effects
are more severe. High capacity, high efficiency equipment faces cabinet constraints. Figure 4.6
seems to support these contentions. Each band in the figure represents 20 percent of the split air
conditioner models available at each efficiency level. Low and high capacity models become
increasingly scarce at efficiencies higher than 15 SEER.

Weak demand is another reason system manufacturers do not offer low capacity systems in
higher efficiencies. This is a combination of two market effects. First, as Table 4.18 illustrates, fewer
consumers purchase low capacity equipment in general. Second, since low capacity systems use less
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Capacity
 (BTU/hr)

Nominal
Capacity
 (tons)

Quantity
Shipped

Percent
Shipped in

Class
Split Air Conditioners

    Under 22,000 1-1/2 304,748 8%
    22,000 to 26,999 2 921,717 23%
    27,000 to 32,999 2-1/2 881,477 22%
    33,000 to 38,999 3 836,423 21%
    39,000 to 43,999 3-1/2 396,722 10%
    44,000 to 53,999 4 389,728 10%
    54,000 to 64,999 5 323,793 8%

Split Heat Pumps
    Under 27,000 1-1/2 to 2 314,239 32%
    27,000 to 41,999 2-1/2  to 3-1/2 467,573 47%
    42,000 to 64,999 3-1/2 to 5 209,339 21%

Packaged Air Conditioners
    Under 27,000 1-1/2 to 2 19,983 11%
    27,000 to 32,999 2-1/2 35,546 19%
    33,000 to 53,999 3 to 4-1/2 96,673 52%
    54,000 to 64,999 5 35,497 19%

Packaged Heat Pumps
    Under 27,000 1-1/2 to 2 30,204 16%
    27,000 to 41,999 2 to 3-1/2 95,624 50%
    42,000 to 64,999 3-1/2 to 5 63,939 34%
Source: U.S. Bureau of the Census MA-35M-96

Table 4.18  Shipments of Residential Unitary Condensers by Capacity
(1996)

energy, price is more important to consumers relative to efficiency. More stringent efficiency
standards would guarantee strong demand for high efficiency, low capacity equipment. This would
likely stimulate the development of efficient components in smaller sizes and encourage system
manufacturers to incorporate them. Higher standards would also encourage manufacturers to boost
SEER by reducing cyclic losses and expanding their offering of modulating systems.

High capacity systems do face cabinet size constraints in single capacity systems. Modulating
systems do not face the same constraints, so weak demand is probably responsible for the lack of
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Niche Product Key Manufacturers Major Physical Constraints Typical Application

Ductless splits Mitsubishi Electronics
Carrier
Sanyo Fisher
Enviromaster  International

Small cabinet size
Refrigerant line loss

Residential retrofit and
small commercial

High-velocity, small
duct

Unico
Mestek

High static pressure
Low evaporator temperature
Small cabinet size

Residential retrofit

Vertical packaged,
wall mounted

Bard Small cabinet size
Poor airflow

Factory-built commercial
buildings and enclosures

Through-the-wall
condensing unit

First Company
National Comfort Products
Enviromaster International

Small cabinet size
Poor air flow

Multi-family retrofit

Table 4.19  Characteristics of Niche Products

high capacity, high efficiency products. Emerging technologies can also play a role in easing cabinet
constraints (Section 4.5.4).

Since the absence of products at all efficiency levels results from a lack of demand for those
products and not from any strict physical limitation, the Department finds no compelling technical
justification for defining new product classes based on capacity.

4.6.2.2  Classes for Niche Products

Several manufacturers have asked the Department to establish new classes to protect the
viability of certain niche products under higher efficiency standards. Table 4.19 provides some key
information on these products.

All these products serve niche markets and probably account for less than 3 percent of the
residential unitary market. As such, the efficiency standard established for these products will have
little effect on national energy savings and consumer life cycle cost calculations. However, each is
a unique product with some unique utility. The question is whether higher standards may eliminate
these products from the marketplace because of the severity of their constraints.

4.6.2.2.1  Ductless Splits

Ductless split systems, or mini-splits as they are commonly known, dominate the
international market but hold only about 1 percent of the domestic market. They consist of a single
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outdoor unit and an indoor fancoil unit discharging directly into the conditioned space. (Ductless
systems with multiple fancoil units are often called multi-splits.) Mini-splits are attractive in many
applications because tubing and electrical service can often be installed for less cost and in less space
than can the equivalent ducting. This makes them particularly attractive for the retrofit market. They
also offer the possibility of true individual temperature control. Since consumers may consider the
interior units to be more intrusive than a ducted system, manufacturers strive to make them as
compact as possible. This cabinet size constraint combined with efficiency losses due to heat transfer
between refrigerant lines puts pressure on equipment efficiency.

4.6.2.2.2  High Velocity, Small Duct

High velocity, small duct fancoil units target primarily the retrofit market. The small, easy
to install ducts, non-intrusive discharges, and silent operation make these units attractive for many
retrofit situations where consumers’ space is a premium, and where installing a conventional split
system is cost prohibitive. Architectural and aesthetic advantages also make this a viable product for
high-end custom homes.

High velocity systems are designed to discharge conditioned air rapidly through round ducts
that can fit inside stud walls. Blowers must, therefore, overcome high static pressures. To mitigate
the burden on the blowers, designers reduce the required air volume by cooling it more than a
conventional system. This increases the cost through added tube rows and larger capacity, but offers
the associated benefit of enhanced humidity removal.

The inefficient fancoil unit in high velocity systems requires them to pair with high efficiency
condensing units (typically 13 - 14 SEER) to attain the 10 SEER NAECA minimum.

Contractors typically install fancoil units outside the conditioned space, penalizing efficiency
in the field. However, the manufacturers of high velocity systems claim that the ducts are tight and
durable, and that superior dehumidification will cause occupants to raise their thermostat settings.
Both would lower energy consumption compared to conventional systems of equal SEER ratings.

4.6.2.2.3  Vertical Packaged, Wall Mounted

Manufacturers design these products for installation in mobile or modular structures, which
are almost exclusively commercial applications. However, manufacturers may offer them with
single-phase motors, placing them under NAECA. The difficult air flow configuration (each of the
condenser and evaporator compartments takes air in and exhausts it through the same face) combined
with the attempt to minimize size constrains the ability of these units to attain higher SEERs.
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4.6.2.2.4  Through-the-wall Condenser

Through-the-wall condensers were popular in new multistory residential construction in the
1960s and 1970s. Major manufacturers have since abandoned the replacement market, providing an
opportunity for lower volume manufacturers. Most equipment is in the 1-1/2 to 2-1/2 ton capacity
range.

New through-the-wall condensers must fit within the same wall opening as the original units,
even though original units may be half as efficient as the new ones. Residents or building owners are
particularly sensitive to any increase in price or to the cost of enlarging the wall opening to
accommodate a larger condenser. Since repair is the only other cost effective alternative to
replacement, a new standard that increases cabinet size or results in a significant price increase could
be counterproductive, preventing the turnover of old, inefficient equipment.

4.6.2.3  Description of Niche Product Constraints

4.6.2.3.1  Small Cabinet Size

Cabinet size constrains efficiency primarily by restricting coil face area and coil
configuration. As face area decreases, the velocity of the moving air increases. This slightly improves
the heat transfer between the air and the coil, but it also increases the pressure drop across the coil
and increases the power consumption of the blower or fan. As face area shrinks, the increased fan
power negates any benefits from improved heat transfer and lowers the efficiency of the system. The
face area limitation is particularly important in the condenser where the similarity between ambient
air temperature and refrigerant temperature requires higher air volumes to transfer the same amount
of heat. In the evaporator, the temptation to increase coil face area to reduce blower power
consumption and increase cycle efficiency is somewhat counteracted by the need to provide adequate
dehumidification.

A cramped cabinet may also make it difficult, or impossible, to install optimal components
or technical upgrades, like controls, that could improve system efficiency.

4.6.2.3.2  Poor Airflow Configuration

The orientation of air intake and discharge and the internal path of the airflow can affect
system efficiency. Most split system outdoor units take in air horizontally around their entire
perimeter and discharge it vertically upward. Restricting the outdoor unit to take in air through only
one face, or to take in and exhaust air through the same face can reduce efficiency by increasing fan
power consumption. Some short-circuiting of exhaust air into the intake may also occur. Indoor units
typically take in air horizontally near the bottom of the unit and discharge it vertically at the top.
Other configurations may boost or harm efficiency. In either the indoor and outdoor unit, sharp
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changes in airflow direction can increase blower power consumption and may also result in uneven
airflow over the coil, resulting in only partial coil use.

Packaged units may suffer from the same airflow related problems, with the additional
possibility of heat transfer or air leakage between the evaporator and condenser compartments.

4.6.2.3.3  High Static Pressure

Higher indoor static pressure causes the blower to work harder at a given capacity and
airflow. The Department’s test procedure prescribes minimum static pressures.

4.6.2.3.4  Low Evaporator Discharge Temperature

Producing a lower than normal air temperature from the evaporator requires either more tube
rows or a slower face velocity. Under cabinet size constraints, these improvements may not be
possible. Furthermore, the additional heat transfer increases the required capacity of the condensing
unit.

4.6.2.4  Remedies for Niche Product Constraints

Most niche manufacturers, although they serve specialized markets, still attempt to keep costs
at a minimum. Since many niche products serve manufactured and multifamily housing markets,
consumers may be especially price-conscious. Furthermore, because of the low sales volumes, many
niche manufacturers have no real market incentive to supply higher efficiency products. Many
manufacturers do not pursue advanced designs for those reasons. Standards that apply evenly to their
competitors would allow them to introduce more expensive, but more efficient, design options
without losing market share or reducing profit margins. Several of these design options can ease the
efficiency constraints that niche products face.

4.6.2.4.1  More Efficient Components

Most niche products use motors and compressors with only moderate efficiency. Many
products can upgrade to higher efficiency or variable speed components without exceeding
performance or size constraints.
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4.6.2.4.2  Larger Cabinet Size

Some niche products do not face a rigid size constraint. A manufacturer may lose sales when
it increases cabinet sizes to attain higher efficiencies, but no clear thresholds exist above which its
products cease to be commercially viable. Without thresholds, the Manufacturer Impact Analysis is
the appropriate analysis for determining whether a standard level threatens the viability of the
product.

4.6.2.4.3  Modifications for Testing

Some niche products may benefit from modifications that allow them to operate under
conditions that differ from the test conditions. For example, manufacturers of high velocity systems
intend their equipment to operate under higher static pressures, lower temperatures, and lower
airflows than those the test procedures prescribe. They can explore whether installing mulitap
blowers or other variable speed or adjustable components could raise their SEER ratings by allowing
them to test under a set of conditions more closely representative of conventional equipment while
still allowing proper installation in the field.

4.6.2.4.4  Redefinition and Labeling

Vertical packaged, wall mounted equipment currently falls under the definition of residential
products (single phase, less than 65,000 BTU/h), but is intended for commercial application. The
Department may decide to develop a physical definition of this product and require that the
manufacturer apply a label restricting installation to commercial applications not covered by the
NAECA standard.

4.6.2.5  Justification for New Classes Based on Niche Products

One type of niche product, vertical packaged-wall mounted, is intended for commercial
application with commercial operating characteristics. As such, NAECA may not be the proper
governing regulation. To limit abuse, the Department could consider imposing a labeling
requirement for the class to restrict those products from being installed in residential applications.

For the other niche products, Table 4.20 shows the highest viable cooling efficiency
achievable for each of the candidate products utilizing both conventional and emerging technologies.
Confidential manufacturer information and ADL estimates are the basis for the preliminary
conclusions. In this case, “viable” means technically feasible, commercially practical, and able to
retain its own unique characteristics and utility. For example, consumers purchase high velocity
systems for their small diameter, easy to install ducts and compact air handler. As the air handler gets
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Niche Product Highest Viable Efficiency Level
(SEER) 

Substitutes 
(ranked in order of

decreasing
importance)

Efficiency of
Substitute

Cross- price
sensitivity

Conventional
Technology

Emerging
Technology

Ductless split 12.0 13.0 1. Window Lower Moderate

2. High-velocity Lower

3. Conventional split Higher

High-velocity,
small duct

11.5 12.0 1. Window Lower Low

2. Ductless split Higher

3. Conventional split Higher

Vertical packaged,
wall mounted

12.0 12.5 1. Conventional
packaged

Higher Moderate

Through-the-wall
condenser

11.0 13.0 1. Repair Lower High

Table 4.20: Assessment of Factors that Influence the Decision to Establish Separate
Classes for Niche Products 

larger and duct branches get more numerous, the product eventually loses its uniqueness compared
to conventional systems and becomes increasingly unviable as a product with unique utility.

Table 4.20 also lists the substitutes available for each product and the sensitivity of
consumers to price increases with respect to price increases in the substitutes. High cross-price
sensitivity means that a consumer will be likely to purchase the substitute if the price difference
between the two products changes even slightly. This will cause consumers to shift to the substitute
product, and could eventually eliminate the subject product from the market. A price differential can
increase when a new efficiency standard results in a more severe price increase in the subject product
than in the substitute. In cases where the substitute faces a less stringent efficiency standard (e.g.
window units, repair), a new efficiency standard could reduce national energy savings by driving
consumers to the less efficient substitutes.

Each of the products possesses unique characteristics, faces severe technical constraints, and
is susceptible to the impacts of new standards. As such, the Department is considering establishing
a separate classification for each product. Standard levels for each classification will be sensitive to
the standard level set for the closest substitutes. 



i For example, manufacturers have not attempted to take advantage of possible loopholes in the NAECA
definition of packaged terminal air conditioners, which are exempted from NAECA regulation.
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4.6.3 Possible Loopholes Created by Product Class Definitions

Since the air conditioning market has observed the intent of similar descriptions in the past,i

it is likely that the Department can work with manufacturers to develop definitions that will protect
the intended products without offering an unfair advantage to others.

4.7 ALTERNATIVE REFRIGERANTS

Effective January 1, 2010, the Environmental Protection Agency will prohibit the
manufacture and import of equipment utilizing HCFC refrigerants, including HCFC-22 (R-22), the
dominant refrigerant in unitary air conditioning systems. Researchers continue to develop and test
alternative refrigerants, but a consensus is settling on two chlorine-free HFC alternatives: HFC-407C
(407C) and HFC-410A (410A). Each has comparative advantages and disadvantages, particularly
regarding energy efficiency.

407C is a blend of HFC-32, -125, and -134a. Its physical properties and operating
characteristics make it a suitable drop-in replacement for R-22. However, 407C lowers the efficiency
of unmodified R-22 systems by 5-10 percent under the SEER test conditions. Likewise, a new 407C
system is likely to be more costly than an R-22 system at the same efficiency level. If 407C becomes
the refrigerant of choice for new equipment, this will raise the cost-efficiency relationship. Lennox
has announced that they will introduce a line of light commercial products based on 407C early in
2000.

410A is an mixture of HFC-32 and -125. It operates at substantially higher pressure (50-70
percent) than does R-22 and requires a soluble polyol ester lubricant, so it is not suitable as a drop-in
R-22 replacement. However, its higher operating pressure and slightly better thermodynamic
properties may allow new 410A systems to achieve the same efficiencies as R-22 systems at a
slightly lower cost. The higher operating pressure in 410A equipment requires either smaller tube
diameters or thicker tube walls. Since 410A has a higher cooling capacity than R-22, manufacturers
can preserve system capacity by reducing tube diameter (and tube cost). Furthermore, 410A can
provide a slight efficiency boost at the SEER testing points. However, at the EER test point which
more closely represents peak cooling conditions, 410A is about 3 percent less efficient than R-22.
This would exacerbate utilities’ peak loading concerns. Furthermore, manufacturers will bear a
significant capital conversion cost to allow plants to handle the smaller tube diameters and strict anti-
contamination standards. Carrier introduced a line of products based on 410A in 19989.

Momentum seems to be building behind 410A as the refrigerant of choice in new equipment,
but it is too early to predict which refrigerant will ultimately dominate. However, since the potential
effect on the cost-efficiency relationship is slight, neither will substantially affect consumer life cycle
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costs in the long run. The issue plays a greater role in assessing the impact of new standards on
manufacturers.

4.8 OTHER ANALYSES IN THE ENGINEERING ANALYSIS

Beyond the preceding analysis, there are several other engineering issues that can play an
important role in the Department’s selection of trial standard levels.

4.8.1 Definition of the Relationship between SEER and HSPF in Heat Pumps

Currently, cooling efficiency standards (SEER) do not differ based on whether a system
provides heating, but heat pumps do face an additional regulation on heating efficiency (HSPF). The
Department investigated whether the relationship between HSPF and SEER is rigid enough to allow
a SEER standard to serve as a de facto HSPF standard.

Since SEER and HSPF are calculated values and incorporate factors other than system
physics, no rigid relationship between the two would be expected. As Figure 4.7 illustrates, a survey
of available equipment supports that hypothesis. Each band in the Figure represents 20 percent of
the products available at the stated efficiency level. Although HSPF generally increases with SEER,
the correlation is low (0.63). However, the relationship between HSPF and SEER is surprisingly
close below 13 SEER, with 60 percent of models falling within a range of 0.3 to 0.5 HSPF.

To set efficiency standards for heat pumps, the Department must determine both an HSPF
level and a SEER level. This complicates the analysis since each SEER level corresponds to a broad
range of HSPF ratings. To provide a rationale for selecting SEER-HSPF pairs, the Department
examined  histograms based on Figure 4.7 that showed the number of models possessing each HSPF
at each SEER level. Table 4.21 lists the results. Median HSPFs are generally well above the
minimum allowable HSPF, revealing that market does not apply strong downward pressure on
HSPF.

Figure 4.7 suggests that a SEER standard could likely serve as a de facto HSPF standard.
However, were a new baseline established, manufacturers would have an incentive to lower system
costs by attempting to lower HSPF. The added heating energy consumption that would result would
reduce the energy savings the Department intended.
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The Department selected a linear HSPF-SEER relationship that would remove the lowest
HSPF models from the market while still allowing manufacturers flexibility to meet their SEER
obligations. After examining the histograms, the following linear relationships were used to derive
the recommended HSPF level for each SEER level:

It would also be reasonable to select HSPF levels based on a fixed percentile (e.g. 30
percentile) across all efficiency levels.

Table 4.21 lists the pairings based on the linear formulae. The shaded values are those models
that would be eliminated under the proposed HSPF levels. Table 4.21 also lists ARI’s data as to
which HSPF ratings are “most likely” for each SEER level and the number of models included in
each sample. Although the suggested pairings at 16 SEER and 17 SEER may seem more aggressive
than those at lower levels, there are fewer models at those levels, and their HSPFs are especially
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Decile

Efficiency Level (SEER)

11 12 13 14 15 16 17

Selected HSPF

7.1 7.4 7.7 8.0 8.2 8.4 8.6

ARI Mean for “Most Likely” HSPF

7.28 7.69 7.99 8.25 8.28 -- --

0% 6.7 6.8 7.1 6.9 7.9 8.0 8.3

10% 7.2 7.4 7.7 7.4 8.0 8.1 8.4

20% 7.3 7.5 7.9 7.5 8.1 8.1 8.4

30% 7.4 7.6 7.9 7.6 8.4 8.1 8.4

40% 7.4 7.7 7.9 7.9 8.9 8.2 8.4

50% 7.4 7.9 7.9 7.9 8.9 8.2 8.4

60% 7.4 7.9 7.9 8.4 8.9 8.3 8.4

70% 7.5 7.9 8.1 8.4 8.9 8.3 8.4

80% 7.6 7.9 8.4 8.7 8.9 8.3 8.5

90% 7.9 8.1 8.5 8.9 8.9 8.3 8.5

100% 8.2 8.7 9.0 9.5 9.0 8.5 8.6

No.
Models

1015 1127 437 257 13 36 7

Source: ARI Unitary Directory, February-July 1998

Table 4.21  Prevalence of HSPF Ratings by SEER Level for 3-ton Split Heat
Pumps with Impacts of Suggested HSPF Standards

closely clustered (see Figure 4.7). Therefore, it is more difficult to distinguish among those products
based on percentile rankings.

4.8.2 Repair versus Replace

A few parties have expressed concern that standards which are too aggressive will encourage
consumers to repair old, inefficient equipment rather than replace it, and that this could actually
increase national energy consumption with respect to the base case. Since most equipment sales are
replacement sales, this is an important concern.
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Standard Level
 (SEER)

Necessary Years Added
to Life

10.7 1

10.8 3

10.9 5

11.0 7

11.1 10

11.2 14

11.3 18

Table 4.22  Equipment Life Extension Resulting in
Increased National Energy Consumption

ADL used its equipment attrition model to project equipment shipments through 2030
assuming that new standards would result in the tendency to repair rather than replace equipment,
thereby extending its life. Table 4.22 shows the added lifespan that would have to be at each
potential standard level to result in an increase in national energy consumption over the base case
(no new standard).

As expected, the results do not support the suggestion that higher standards would necessarily
increase national energy consumption by delaying equipment replacement. For example, an 11 SEER
standard would have to extend equipment life by more than seven years in order to increase
consumption. Standards higher than 11.4 SEER will not increase energy consumption unless
products survive for more than an additional 20 years. Neither scenario is likely. More likely is that
a slight increase in the standard would have a detrimental effect. For instance, the change in retail
price under a standard of 10.8 SEER is estimated to be about $80. According to the Table, a standard
level of 10.8 would increase national energy consumption if it extended equipment life beyond an
additional three years. The Department has not attempted to determine the degree to which these
relatively small price increases could affect the consumer’s repair-replace decision.

New standards will reduce national energy consumption even if they prolong equipment life
because sales into the new construction market accumulate over time. In the attrition model base
case, equipment sold into homes built after 1998 consumes 15 percent of the total consumed by all
residential air conditioners through 2030. That cumulative effect causes the repair-replace decision



j Here, a “model” is defined as a unique condenser-fancoil combination.

k  The DOE SEER test procedure for modulating systems gives weight to the operating efficiency at low-
capacity and an outdoor dry bulb of 82EF.
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to become increasingly irrelevant as standard levels rise. The Shipments Analysis in Chapter 6
explores this repair-replace issue in greater detail.

4.9 PEAK DEMAND CHARACTERISTICS

Utilities and environmental advocates have expressed concern that a higher efficiency
standard based on SEER may lead to a decrease in efficiency during peak demand because of the
prevalence of modulating systems at the higher SEER levels. Efficiency during times of peak cooling
load is typically measured by the Department’s EER test at 95EF outdoor dry bulb and 80EF wet
bulb. It is well known that high SEER models do not necessarily possess high EER. To explore this
issue, the SEER-EER relationships of 3197 available modelsj at and above 12 SEER were examined.

Figure 4.8 presents the results of the analysis. It shows the relationship between SEER and
EER in available 3-ton models based on three factors: 1) whether the compressors are single
speed/capacity or modulating, 2) whether outdoor fans are single or variable speed, and 3) whether
indoor fans are single or variable speed. Each oval represents a particular combination of the three
factors. No models with a combination of factors falls outside its oval.

The graph shows a clear division between models based on whether they possess modulating
compressors. The models with the highest SEER ratings have modulating compressors (this includes
systems with multiple compressors, variable speed compressors, and variable capacity compressors.)
This suggests that, all else equal, a system with a modulating compressor will achieve a SEER boost
of 2-4 points or will suffer an EER loss of up to 2 points.

Manufacturers have some leeway in designing the SEER-EER relationship. Systems with
modulating compressors are typically optimized for low capacity operation to boost SEERk. This can
reduce the performance of the system at high capacity. Sensible heat ratios (dehumidification) and
sound levels can also suffer. Since the efficiency standards and the market are tied to SEER ratings,
manufacturers have the incentive to boost SEER at the expense of EER. Notice, however, that totally
modulating systems can attain the same EER ratings as their single speed counterparts. That
indicates that manufacturers can design and produce high efficiency, totally modulating systems that
boost both EER and SEER.
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Figure 4.8  Effects of Compressor and Fan Modulation on the EER-SEER
Relationship in Existing 3-ton Split Air Conditioning Systems

The graph also suggests a few conclusions about the indoor and outdoor fans. First, the SEER
and EER impacts of modulating indoor fans is greater than the impacts of outdoor fans. Second,
modulating compressors cannot achieve their greatest SEER and EER benefits unless both the indoor
and outdoor fans are also modulating. Third, systems with efficient single speed compressors do not
receive much of a boost in either SEER or EER by virtue of the presence of variable speed fans.

Clearly, a higher SEER standard will not guarantee a proportional increase in EER. As time
progresses, thermodynamic limitations make it more expensive to squeeze additional efficiency from
a system. At the same time, advances in control and power technologies reduce the cost of
incorporating the modulating capabilities that allow manufacturers to boost SEER without raising
EER. The lower curve will probably dominate equipment designs if the Department sets a standard
higher than 12 SEER. For some time to come, at 12 SEER and below, manufacturers will find it
more economical to raise SEER through EER improvements related to improved heat transfer,
compression, and expansion.

With all these considerations in mind, a higher SEER standard is likely to reduce peak
demand, but to a lesser extent than the reduction in off-peak demand. This could alleviate some of
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the utility concerns over demand-side management, but could aggravate their concerns over capacity
utilization and capital effectiveness. The Department intends to analyze these possibilities at a later
date prior to publication of the rule.

Refrigerant also plays a role in this issue. 410A is less efficient than both HCFC-22 and 407C
at high condenser temperatures, but more efficient at low condenser temperatures. The difference
between 410A and 407C is on the order of 5 percent at the EER rating points. 410A can result in
improved SEER ratings and reduced EER ratings. Equipment manufacturers will be encouraged to
adopt 410A for its SEER effect, but utilities may prefer 407C for its EER effect.
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CHAPTER 5: LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS

5.1 INTRODUCTION

This chapter describes the method for analyzing the economic impacts of possible standards
on individual consumers.  The effect of standards on individual consumers include a change in
operating expense (usually decreased) and a change in purchase price (usually increased).  This
chapter describes three metrics used in the consumer analysis to determine the effect of standards
on individual consumers:

• Life-cycle cost (LCC) captures the tradeoff between purchase price and operating
expenses for appliances.

• Payback period (PBP) measures the amount of time it takes consumers to recover
the assumed higher purchase expense of more energy-efficient equipment through
lower operating costs.

• Rebuttable Payback Period is a special case of PBP.  Where LCC and PBP are
estimated over a range of inputs reflecting actual conditions, Rebuttable Payback
Period is based on laboratory conditions, specifically, DOE test procedure inputs.

These are discussed in sections 5.2, 5.3 and 5.4 of this chapter, respectively.  Inputs and preliminary
results are presented for each metric.  Key variables, current assumptions, and calculations are
presented for each metric.  The calculations discussed here are performed on a series of Microsoft
Excel spreadsheets which are accessible over the Internet. Details and instructions for the
spreadsheets are discussed in section 5.5.  A more complete set of results are presented in Appendix
D.

5.1.1 General Approach for LCC and PBP Analysis

In recognition that each household is unique, variability and uncertainty is analyzed by
performing the LCC and PBP calculations detailed here for a representative sample of individual
households.  The results are expressed as the number of households experiencing economic impacts
of different magnitudes.  The LCC and PBP model was developed using Microsoft Excel
spreadsheets combined with Crystal Ball (a commercially available add-in). 

The LCC and PBP analyses explicitly model both the uncertainty and the variability in the
model’s inputs using Monte Carlo simulation and probability distributions.  A detailed explanation
of Monte Carlo simulation and the use of probability distributions is contained in Appendix A. 

The LCC and PBP results are displayed as distributions of impacts compared to the baseline
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conditions.  Results are presented at the end of this chapter and are based on 10,000 samples per
Monte Carlo simulation run.  A variety of graphic displays will be created to illustrate the
implications of the analysis.  Examples would be: 1) a cumulative probability distribution showing
the percentage of American households that would experience a net savings by owning a more
energy efficient appliance, and 2) a frequency chart depicting variation in life-cycle cost for each
efficiency level considered.

5.1.2 Overview of LCC, PBP, and Rebuttable PBP Inputs

LCC is the total consumer expense over the life of the appliance, including purchase expense
and operating costs (including energy expenditures).  Future operating costs are discounted to the
time of purchase and summed over the lifetime of the appliance.  The PBP is the change in purchase
expense due to an increased efficiency standard divided by the change in annual operating cost that
results from the standard.  

Inputs to the LCC and PBP analysis are categorized as follows: 1) inputs for establishing the
purchase expense, otherwise known as the total installed cost, and 2) inputs for calculating the
operating cost.  

The primary inputs for establishing the total installed cost are:

• Baseline manufacturer cost:  The cost to manufacture equipment meeting existing
minimum efficiency standards.

• Standard-level manufacturer cost multiplier:  The multiplicative factor used for
calculating the manufacturer cost associated with each standard level.

• Markups and Sales Tax:  The markups associated with converting the manufacturer
cost to a consumer price.  Three sets of markups were assumed for the LCC and PBP
analysis: manufacturer markup – markup for converting the manufacturer cost to the
cost distributors or wholesalers pay for the equipment, distributor markup – markup
for converting the distributor or wholesaler cost to the cost contractors or dealers pay
for the equipment, and dealer markup – markup for converting the dealer or
contractor cost to the price which consumers pay for the equipment.  In addition to
the markups, a sales tax was developed.

• Installation price:  The cost to the consumer of installing the equipment.  The
installation price represents all costs required to install the equipment other than the
marked-up equipment cost.  The installation price includes labor, overhead, and any
miscellaneous materials and parts such as linesets. Thus, the total installed cost
equals the consumer equipment price (manufacturer cost multiplied by the various
markups plus sales tax) plus the installation price. 
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The primary inputs for calculating the operating cost are:

• Annual energy consumption:  For central air conditioners, the annual energy
consumption is the annual site energy use associated with providing space-cooling.
For heat pumps, the annual energy consumption is the annual site energy use
associated with providing both space-cooling and space-heating.  The annual energy
consumption is based on data from the 1993 Residential Energy Consumption Survey
(RECS). (RECS is discussed in detail in the following section.)  For those
households surveyed in RECS with either a central air conditioner or heat pump, the
estimated annual energy consumption corresponds to the household’s stock
equipment, specifically its capacity and efficiency.

• Equipment efficiency: The seasonal energy efficiency ratio (SEER) is the efficiency
descriptor for central air conditioners.  For heat pumps, the cooling efficiency is
represented with the SEER while the heating efficiency is represented with the
heating seasonal performance factor (HSPF). Central air conditioner and heat pump
efficiencies in existing households are primarily based on data from the 1993 RECS.
To estimate the annual energy consumption associated with a particular standard
level, the ratio of the household’s stock efficiency to the standard level efficiency is
multiplied by the household’s annual energy consumption.

• Average electricity prices:  The average price per kWh paid by each household for
electricity.

• Marginal electricity prices: The marginal price per kWh paid by each household for
electricity. 

• Electricity price trends: The Annual Energy Outlook 1999 (AEO99) was used to
forecast electricity prices into the future.  For the results presented here, the AEO99
Reference case was used to forecast future electricity prices.

• Maintenance costs: The cost associated with maintaining the operation of the
equipment (e.g., cleaning heat exchanger coils, checking refrigerant charge levels).

• Repair costs: The cost associated with repairing or replacing component failures.  

• Lifetime: The age at which the central air conditioner or heat pump is retired from
service. 

• Discount rate: The rate at which future expenditures are discounted to establish their
present value. 
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Figure 5.1 Flow Diagram of LCC, PBP, and Rebuttable PBP Inputs

Figure 5.1 graphically depicts the relationships between the installed cost and operating cost
inputs for the calculation of the LCC, PBP, and Rebuttable PBP.  

All of the inputs depicted in Figure 5.1 that are needed for the determination of LCC, PBP,
and Rebuttable PBP are discussed in detail in Section 5.2.



a  The number of households actually used in the central air conditioner and heat pump LCC and PBP analyses
were 2164 and 613, respectively.  Some central air-conditioned households were dropped from the analysis for one or
more of the following reasons: 1) the central air conditioner was not used, 2) a room air conditioner was present and
used, or 3) marginal energy prices could not be determined for the household.  With regard to households with heat
pumps, they were dropped from the analysis for one or more of the following reasons: 1) the heat pump was not used
or 2) marginal energy prices could not be determined for the household.
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5.1.3 Use of Residential Energy Consumption Survey (RECS) in LCC and PBP Analysis

As stated earlier, the LCC and PBP calculations detailed here are for a representative sample
of individual households.  The 1993 Residential Energy Consumption Survey (RECS)1 serves as the
basis for determining the representative sample.  The 1993 RECS is based on a sample of 7,111
households which were surveyed for information on their housing units, energy consumption and
expenditures, stock of energy-consuming appliances, and energy-related behavior.  The information
collected represents all households nationwide – approximately 97 million.  

RECS is conducted every three years directly form energy end users.  The 1993 RECS is the
ninth survey of residential housing units conducted by the U.S Department of Energy’s (DOE)
Energy Information Administration (EIA).  Previous RECS were conducted annually form 1978 to
1982 and triennially since 1984.  The RECS consists of three parts:

• Personal interviews with households for information about energy used, how it is
used, energy-using appliances, structural features, energy efficiency measures, and
demographic characteristics of the household.

• Telephone interviews with rental agents for households that have any of their energy
use included in their rent.  This information augments information collected from
those households that may not be knowledgeable about the fuels used for space
heating or water heating.

• Mail questionnaires sent to energy suppliers (after obtaining permission from
households) to collect the actual billing data on energy consumption and
expenditures.

Of the over 7000 households surveyed in the 1993 RECS, 2550 households representing
35.6% of the housing population have a central air conditioner while 651 households representing
8.3% of housing population have an electric heat pumpa.  Using the households in RECS that utilize
a central air conditioner or heat pump, LCC and PBP analyses are performed on a household-by-
household basis to determine whether an increase in the minimum efficiency standard is
economically justified. 

Of the inputs necessary for the LCC and PBP analysis, there are four inputs (as depicted in
Figure 5.1) which are based on data from the 1993 RECS; 1) space-conditioning annual energy
consumption (RECS-based), 2) equipment efficiency, 3) average electricity price, and 4) marginal
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electricity price.  All four of these inputs are used in determining the operating cost. With the
exception of the equipment efficiency, each household in RECS with a central air conditioner or heat
pump has a unique value for the space-conditioning annual energy consumption, the average
electricity price, and the marginal electricity price.  In other words, the annual energy consumption,
average electricity price, and marginal electricity price associated with a particular RECS household
are not uncertain and are, therefore, not expressed with probability distributions.  Although the above
three input variables are not uncertain, they are extremely variable.  Due to the vast number of
households considered in the LCC and PBP analysis (over 2100 for central air conditioners and over
600 for heat pumps), the range of annual energy use, average electricity price, and marginal
electricity price is quite large (the actual ranges are presented and discussed later in this chapter).
Thus, although the above three input variables are not uncertain for any particular household, their
variability across all households contributes significantly to the range of LCCs and PBPs calculated
for any particular standard level.
 

5.2 LIFE-CYCLE COST (LCC)

5.2.1 Definition

Life-cycle cost is the total consumer expense over the life of an appliance, including purchase
expense and operating costs (including energy expenditures).  Future operating costs are discounted
to the time of purchase, and summed over the lifetime of the appliance.  Life-cycle cost is defined
by the following equation:

Where,
LCC = life-cycle cost,
IC = total installed cost ($),
3 = sum over the lifetime, from year 1 to year N, where N = lifetime of appliance

(years),
OC = operating cost ($),
r = discount rate, and
t = year for which operating cost is being determined.

We treat total installed cost, operating cost, lifetime, and discount rate in turn in the following
sections.

5.2.2 Total Installed Cost Inputs

The total installed cost to the consumer is defined by the following equation:
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EQP MFG MM MU MU MU STSTD MFG DISTR DEAL= ⋅ ⋅ ⋅ ⋅ ⋅( ) (5.3)

IC EQP INST= + (5.2)

Where,
EQP = equipment price (i.e., consumer price for only the equipment) ($) and
INST = consumer price to install equipment (i.e., the cost for labor and materials) ($).

The equipment price is defined by the following equation:

Where,
MFG = manufacturing cost of baseline (10 SEER) equipment ($),
MMSTD = standard-level manufacturer cost multiplier,
MUMFG = manufacturer markup,
MUDISTR = distributer or wholesaler markup,
MUDEAL = dealer or contractor markup, and
ST = sales tax.

The remainder of this section provides information about the variables and assumptions used
to calculate the total installed cost for central air conditioners and heat pumps.  For each variable,
the discussion includes:

• definition;
• approach; and
• current assumptions.

Inputs for the determination of total installed cost are shown in Table 5.1.

Table 5.1   Inputs for Total Installed Costs
Baseline manufacturer cost ($)

Standard-level manufacturer cost multipliers

Manufacturer markup

Distributor or wholesaler markup

Dealer or contractor markup

Sales tax

Installation cost ($)



b The baseline manufacturer costs as described in Chapter 4, Table 4.7 are slightly different than those reported
in Table 5.2.  The costs reported in Chapter 4 are “most likely” values rather than the mean values reported in Table 5.2.
In addition, the mean values reported in Table 5.2 are not the most up to date values.  Mean results which are derived
from Monte Carlo sampling were not available for the most recent cost distributions (7/12/99) at the time the LCC
analysis  was performed. Future revisions to the LCC analysis will include the most up to date baseline manufacturer
costs.
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5.2.2.1 Baseline Manufacturer Cost

Definition
The cost to the manufacturer of producing baseline or minimum efficiency equipment.

Approach
Baseline manufacturer costs were developed by Arthur D. Little (ADL) through a reverse

engineering approach.  Refer to Chapter 4, Section 4.2, Manufacturing Costs, for details on how the
costs were developed.

Assumptions
The manufacturer costs for minimum efficiency (i.e., 10 SEER) split air conditioners, split

heat pumps, package air conditioners, and package heat pumps are summarized in Table 5.2b.

Table 5.2   Baseline Manufacturer Costs
Baseline Manufacturer Cost

System Type Without Air Handler With Air Handler

Split Air Conditioner $367 $454

Split Heat Pump - $615

Package Air Conditioner - $534

Package Heat Pump - $589

Since the life-cycle cost analysis is performed on a household-by-household basis using data
from the 1993 Residential Energy Consumption Survey (RECS), the determination of what
manufacturer cost to use for split air conditioners is based on whether a warm-air central furnace is
present in the household. If the household has a fuel-fired (gas-, oil-, or LPG-fired) furnace, the
“without air handler”split air conditioner manufacturer cost is used.  Otherwise, the “with air
handler” cost is used.

5.2.2.2 Standard-level Manufacturer Cost Multipliers

Definition
The multiplicative factor used for calculating the manufacturer cost associated with each

standard level.  The factor is multiplied by the baseline manufacturer cost to arrive at the standard-



c The reverse engineering standard-level manufacturer cost multipliers as described in Chapter 4, Table 4.9
are slightly different than those reported in Table 5.4.  The multipliers reported in Chapter 4 are “most likely” values
rather than the mean values reported in Table 5.4.  In addition, the mean values reported in Table 5.4 are not the most
up to date values.  Mean results which are derived from Monte Carlo sampling were not available for the most recent
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level manufacturer cost.  For example, if the average manufacturer cost multiplier for 11 SEER split
system heat pumps is 1.10, its associated average manufacturer cost would equal the baseline
manufacturer cost of $615 multiplied by the average multiplier (1.10) or $677.

Approach
Two methods were used for developing the standard-level manufacturer cost multipliers.

One method relied on data submittals from the Air Conditioning & Refrigeration Institute (ARI).
ARI collected data from its member manufacturers and provided minimum, maximum, and
weighted-mean values for each standard level and each product class.  Please refer to Chapter 4,
Section 4.2, Manufacturing Costs, for more details on the ARI data submittal.

The second method was a reverse-engineering approach, conducted by Arthur D. Little
(ADL) for the U.S. Department of Energy (DOE).  The approach used here was identical to that used
for determining baseline manufacturer costs.  Chapter 4, Section 4.2, Manufacturing Costs, details
on how the reverse engineering approach was used to develop manufacturer-cost multipliers.

Assumptions
ARI provided minimum, maximum, and shipment weighted-mean values for each standard

level.  Because it was unknown as to how the ARI cost data were distributed, only the shipment-
weighted mean values were used in the LCC analysis.  Table 5.3 provides the minimum, maximum,
shipment weighted-mean, and most probable values for each standard-level cost multiplier for each
product class.

Table 5.3   ARI Standard-level Manufacturer Cost Multipliers
Split A/C Split HP Package A/C Package HP

SEER Min Mean Max Min Mean Max Min Mean Max Min Mean Max

10 - 1.00 - - 1.00 - - 1.00 - - 1.00 -

11 1.03 1.16 1.30 1.05 1.10 1.15 1.03 1.19 1.27 1.06 1.14 1.25

12 1.09 1.36 1.55 1.11 1.24 1.35 1.15 1.30 1.40 1.06 1.28 1.50

13 1.30 1.63 1.90 1.17 1.44 1.66 1.40 1.63 1.75 1.45 1.60 1.90

14 1.60 2.03 3.00 1.30 1.64 1.88 1.59 1.87 2.00 1.65 1.75 2.30

15 1.81 2.40 3.50 1.75 2.09 2.52 1.89 2.23 2.92 1.93 2.13 2.47

As noted earlier, a reverse engineering approach was developed for establishing cost
multipliers.  Input distributions were developed by multiplying the average value by two
distributions: (1) a uniform distribution ranging from 95% to 105% and (2) a normal distribution
centered at 1.0 with a standard deviation of 5%.  Table 5.4 shows the low, average, and high values
from the ADL input distributionsc.  The low and high values represent the 10th and 90th percentiles,



cost distributions (7/12/99) at the time the LCC analysis was performed. Future revisions to the LCC analysis will
include the most up to date manufacturer cost multipliers.

d The manufacturer markups as described in Chapter 4 range from a minimum of 1.15 to a maximum of 1.26
with a mean value of 1.18.  The markup distribution used in the LCC analysis was developed before the actual
distribution was finalized.  Future revisions to the LCC analysis  will include the most up to date manufacturer markups.
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respectively, of the distributions.

Table 5.4   Reverse Engineering Standard-level Manufacturer Cost Multipliers
Split A/C Split HP Package A/C Package HP

SEER Low Mean High Low Mean High Low Mean High Low Mean High

10 0.96 1.00 1.05 0.96 1.00 1.05 0.96 1.00 1.05 0.96 1.00 1.05

11 1.08 1.13 1.18 0.97 1.01 1.06 - - - - - -

12 1.20 1.25 1.31 1.05 1.10 1.15 1.08 1.14 1.19 1.11 1.16 1.22

13 1.35 1.42 1.48 1.29 1.35 1.41 1.33 1.40 1.46 - - -

14 1.65 1.73 1.81 1.57 1.65 1.72 - - - - - -

15 1.87 1.95 2.04 1.79 1.87 1.96 - - - - - -

16 1.98 2.07 2.17 1.92 2.01 2.10 - - - - - -

17 2.13 2.23 2.33 - - - - - - - - -

5.2.2.3 Manufacturer Markup

Definition
The markup for converting the manufacturer cost to the cost which distributors or

wholesalers pay for space-conditioning equipment.

Approach
Manufacturer markups were developed by ADL.  Please refer to Chapter 4, Section 4.3.2,

Determination of the Manufacturer Markup, for more details.

Assumptions
The manufacturer markups used in the LCC analysis ranged from a minimum of 1.10 to a

maximum of 1.27, with a mean value of 1.18d.  A triangular input distribution was assumed to
represent the range of values.  The most probable value or apex of the triangular distribution is
assumed to equal the mean value.  Probabilities of 0% were assumed for the minimum and
maximum values.  The manufacturer markup was assumed to remain constant with increasing
efficiency.  In addition, it was assumed to be applicable to all product classes.  Figure 5.2 shows the
triangular distribution for the manufacturer markup. 



e  The distributor markup as described in Chapter 4 was determined to be 1.37.  The markup value of 1.36 used
in the LCC analysis was developed before the actual value was finalized.  Future revisions to the LCC analysis will
include the most up to date distributor markups.
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Figure 5.2   Manufacturer Markup Distribution

 

5.2.2.4 Distributor Markup

Definition
The markup for converting the distributor or wholesaler cost to the cost which contractors

or dealers pay for space-conditioning equipment.

Approach
Distributor markups were developed by ADL. Please refer to Chapter 4, Section 4.3.3,

Determination of Distributor Markup, for more details.

Assumptions
The distributor markup determined by ADL is 1.36e.  A range of values was not determined

for this markup.  The manufacturer markup was assumed to remain constant with increasing
efficiency.  In addition, it was assumed to be applicable to all product classes. 

5.2.2.5 Dealer Markup

Definition
The markup for converting the dealer or contractor cost to the price that consumers pay for

the space-conditioning equipment.
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Approach
Dealer markups were developed by ADL.  Please refer to Chapter 4, Section 4.4.4,

Determination of Dealer Markup, for more details.

Assumptions
The dealer markup determined by ADL ranges from a minimum of 1.37 to a maximum of

1.63, with a mean value of 1.55.  A triangular input distribution was assumed to represent the range
of values.  The most probable value or apex of the triangular distribution was assumed to equal the
mean value.  The dealer markup was assumed to remain constant with increasing efficiency.  In
addition, the markup was assumed to be applicable to all product classes.  Figure 5.3 shows the
triangular input distribution for the dealer markup. 

5.2.2.6 Sales Tax

Definition
State and local sales taxes.  Used as a multiplicative factor to increase equipment price.

Approach
Sales taxes were developed by ADL.  Please refer to Chapter 4, Section 4.4.5, Determination

of Sales Tax, for more details.

Assumptions
The sales tax rates determined by ADL essentially range from a minimum of 5% to a

maximum of 8% with a mean value of 6.7%.  Unlike the markups, the distribution of values for the
sales tax was explicitly defined and the assumption of triangular input distribution was unnecessary.
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Figure 5.4   Sales Tax Distribution

The sales tax was assumed to remain constant with increasing efficiency.  In addition, the sales tax
was assumed to be applicable to all product classes.  Figure 5.4 shows the triangular input
distribution for the sales tax.

5.2.2.7 Installation Cost

Definition
The cost to the consumer of labor and materials (other than the actual equipment) needed to

install a central air conditioner or heat pump. 

Approach
Installation costs were based on  typical figures for total installed costs that were collected

from public sources and phone calls to HVAC contractors.  The installation price was determined
by subtracting the derived equipment price from the typical total installed cost. Data collected
covered only split systems, and the resulting installation prices were assumed to apply to package
systems as well. 

Assumptions
The installation cost to install a minimum efficiency (i.e., 10 SEER) split air conditioner, split

heat pump, package air conditioner, and package heat pump are provided below.  The costs vary by
product class and were based on data on total installed costs collected by Lawrence Berkeley
National Laboratory (LBNL) from public2,3 and private4 sources.
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Figure 5.5   Probability Distribution for Split AC Installation Cost

Table 5.5   Baseline Installation Costs
Split AC Split HP Package AC Package HP

$1,190 $2,035 $1,190 $2,035

Due to the large variability in installation costs, the representative cost for each product class was
assumed to vary by ±20%.  A triangular distribution was created for each product class assuming low
and high values that were -20% less and +20% greater, respectively, than the representative
installation cost.  Probabilities of 0% were assigned for the low and high installation cost values.
For example, the Figure 5.5 shows the distribution of values that were used for split air conditioners.
The low and high values ($952 and $1428) are -20% less and +20% greater than the typical cost.

For all product classes, the installation cost is assumed to stay constant as efficiency increases.

5.2.3 Operating Cost Inputs

The operating cost for the LCC analysis is determined using data from the 1993 Residential
Energy Consumption Survey (RECS)5. For the LCC analysis of central air conditioners (either split
or package systems), the LCC of an increased efficiency level is calculated for those households that
are determined to have a central air conditioner.  For heat pumps (either split or package systems),
the LCC of an increased efficiency level is calculated for those households that are determined to
have a central heat pump.  After the LCC analysis is performed, a distribution of LCC differences
(i.e., the LCC difference between the baseline equipment and equipment with a higher efficiency
level) is generated to determine the mean LCC difference, as well as the percentage of households
analyzed that have positive LCC savings associated with the more-efficient equipment.
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OC EC RC MC= + + (5.4)
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Figure 5.6 Flow Diagram for the Determination of the Standard-Level Annual Space-
Cooling Energy Cost

The operating cost is defined by the following equation:

Where,
EC = energy expenditure associated with operating the equipment,
RC = the repair cost associated with component failure, and
MC = the service cost for maintaining equipment operation.

Of the above inputs to the operating cost, the energy cost or energy expense is the most
complicated to determine.  As discussed at the beginning of this chapter in section 5.1.3, the
determination of the energy cost is dependent on several input variables from RECS.  The figures
below show the relationship between the input variables from RECS and the determination of the
energy cost for a particular standard level.  In the figures below, the boxes labeled with “RECS”
designate those input variables being drawn from RECS.  One box in the figures below (Shipments
disaggregated by efficiency) is labeled as “ARI” designating that the source of this data is from the
Air-Conditioning and Refrigeration Institute (ARI). Figure 5.6 shows the flow diagram for the
determination of the annual space-cooling energy cost associated with a particular central air
conditioner or heat pump SEER standard level while Figure 5.7 shows the flow diagram for the
determination of the annual space-heating energy cost associated with a particular heat pump HSPF
standard level.
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EC EC ECcool heat= + (5.5)

cool base c avg base c std cEC UEC EL UEC UEC EL= ⋅ − − ⋅_ _ _( ) marg (5.6)
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Figure 5.7 Flow Diagram for the Determination of the Standard-Level Annual Space-
Heating Energy Cost

With the above figures clarifying the relationship between RECS input variables and the
energy cost, the following equation is now presented for the energy cost:

Where,
ECcool = energy expenditure associated with operating central air conditioners and heat

pumps during the cooling season, and
ECheat = energy expenditure associated with operating heat pumps during the heating

season.

The energy cost for space-cooling is defined by the following equation:

Where,
UECbase_c = annual space-cooling energy use associated with the baseline efficiency level

(i.e., 10 SEER),
UECstd_c = annual space-cooling energy use associated with an increased efficiency level,
ELECavg = average electricity price, and
ELECmrg = marginal electricity price.
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heat base h avg base h std hEC UEC EL UEC UEC EL= ⋅ − − ⋅_ _ _( ) marg (5.7)

For the case where the energy cost is being determined only for the baseline unit, the second
expression within Eqn. 5.6, (UECbase_c - UECstd_c)·ELmarg, is ignored.  It is also worth noting that the
annual energy savings associated with an increased efficiency level is multiplied by the marginal
electricity price rather than the household’s average electricity price.  An in-depth discussion of the
marginal electricity price and its determination is presented later.

The expression for determining the energy cost for space-heating is identical to that for space-cooling
and is defined by the following equation:

Where,
UECbase_h = annual space-heating energy use associated with the baseline efficiency level

(i.e., 10 SEER),
UECstd_h = annual space-heating energy use associated with an increased efficiency level,

As with the determination of the space-cooling energy cost, for the case where the space-heating
energy cost is being determined only for the baseline unit, the second expression within Eqn. 5.7,
(UECbase_h - UECstd_h)·ELmarg, is ignored.

The remainder of this section provides information about the variables and assumptions used
to calculate the operating cost for central air conditioners and heat pumps.  For each variable, the
discussion includes:

• definition;
• approach; and
• assumptions.

Inputs for the determination of operating cost are shown in Table 5.6.  Note that although the
lifetime, discount rate, and effective date of the standard are not needed for determining the operating
cost, they are required for establishing the operating cost’s present value.  The base case and standard
case designs define the efficiency levels of the design of interest (standard case design) and what
design (base case design) it is being judged against.
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base c stock c
stock

base
UEC UEC

SEER
SEER_ _= ⋅ (5.8)

Table 5.6   Inputs for Operating Costs
Baseline annual space-cooling energy use

Standard-level annual space-cooling energy use

Baseline annual space-heating energy use

Standard-level annual space-heating energy use

Average electricity price ($)

Marginal electricity price ($)

Electricity price trend

Repair cost ($)

Maintenance cost ($)

Lifetime

Discount rate

Effective date of standard

Base case design

Standard case design

5.2.3.1 Baseline Annual Space-Cooling Energy Use

Definition
The annual space-cooling energy use associated with baseline (i.e., 10 SEER) air

conditioning or  heat pump equipment.  The baseline annual energy use is directly proportional to
the energy use associated with the stock air-conditioning or heat pump equipment in the specific
RECS household being analyzed.   

Approach
For air conditioners and the cooling-side of heat pumps, the baseline annual space-cooling

energy use is defined by the following equation:

Where,
UECstock_c = annual space-cooling energy use associated with the stock equipment in the

RECS household,
SEERstock = the SEER associated with the stock equipment in the RECS household, and
SEERbase = the SEER associated with the baseline equipment (i.e., 10 SEER).

Thus, the approach for determining the annual baseline space-cooling energy use requires that the
UECstock_c and SEERstock first be determined.
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Figure 5.8 Percent of Households with Central Air Conditioners by
Annual Electricity Consumption for Space-Cooling 
(Source: U.S. DOE-EIA, 1993 RECS)

Assumptions
The following discusses the assumptions for determining the stock annual space-cooling

energy use and the stock space-cooling efficiency.

Stock Annual Space-Cooling Energy Use (UECstock_c)

The stock annual space-cooling energy consumption is based on data from the 1993 RECS6.
For each household with a central air conditioner and heat pump, RECS estimates the equipment’s
annual energy consumption from the household’s energy bills.  It is important to note that the
estimated annual energy consumption corresponds to the household’s stock equipment, specifically
its capacity and efficiency.

Figure 5.8 depicts the weighted distribution of the stock annual space-cooling energy use for
those RECS households with a central air conditioner.  Of the over 7000 households surveyed in
RECS, 2164 were determined to have a central air conditioner.  The range of the space-cooling
energy is quite wide.  The minimum value is 174 kWh/yr while the maximum value is 12,929
kWh/yr.  The weighted-average value is 2629 kWh/yr.

Figure 5.9 depicts the weighted distribution of the stock annual space-cooling energy use for those
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Figure 5.9 Percent of Households with Heat Pumps by Annual Space-
Cooling Energy Consumption (Source: U.S. DOE-EIA, 1993 RECS)

RECS households with a heat pump.  Of the over 7000 households surveyed in RECS, 613 were to
determined to have heat pumps.  Similar to central air conditioners, the range of the space-cooling
energy use is quite wide.  The minimum value is 0 kWh/yr while the maximum value is 14,771
kWh/yr.  The weighted-average value is 2987 kWh/yr.  As indicated in the figure below, the
weighted percentage of households without space cooling energy consumption (over 5%) is quite
high.  This situation arises from the fact that several of the RECS households with heat pumps were
determined not to use their equipment for space-cooling purposes.

Stock Space-Cooling Efficiency (SEER)

As indicated in the baseline annual space-cooling energy use equation (Eqn. 5.8), the SEER
of the stock equipment is necessary for determining the annual space-cooling energy use associated
with minimum (10 SEER) efficiency equipment.  

In order to establish the SEER of the stock equipment, the age of the equipment as indicated
by the 1993 RECS7 is first established.   For each household surveyed with an air conditioner or heat
pump, RECS provides an age index for the space-conditioning equipment.  Each index value
corresponds to a range of equipment ages.  Figures 5.10 and 5.11 show the distribution of age indices
for central air conditioners and heat pumps in RECS, respectively.  A table is imbedded within each
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Figure 5.10 Distribution of Age Indices for RECS households
with a Central A/C (Source: U.S. DOE-EIA, 1993 RECS) 
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Figure 5.11 Distribution of Age Indices for RECS households
with a Heat Pump (Source: U.S. DOE-EIA, 1993 RECS)

Index Age (years)

1 0 to 2

2 2 to 4
3 5 to 9

4 10 to 19
5 20 and over
6 5 to 15

9 5 to 15

Index Age (years)

1 0 to 2

2 2 to 4
3 5 to 9

4 10 to 19
5 20 and over
6 5 to 15

9 5 to 15

figure showing the corresponding range of ages for each index.  Each value in the range of ages that
correspond to a particular age index is assumed to have an equal probability of occurring.
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Once the age of the equipment is established, disaggregated shipments data provided by ARI
are used to determine the efficiency of the equipment.  For the years 1976 through 1994, ARI
provided data that disaggregates unitary air conditioner and heat pump shipments by efficiency, thus,
providing an efficiency distribution for each year.  The shipment weighted-average efficiencies by
year for both central air conditioners and heat pumps are provided below8.  It should be noted that
due to the year in which RECS was conducted (1993), only efficiencies up to 1993 are utilized in
the LCC analysis.

Table 5.7   Shipment Weighted SEERs of Unitary Air Conditioners and Heat Pumps
Year a Unitary Air Conditioners Unitary Heat Pumps

1976 7.03 6.87

1977 7.13 6.89

1978 7.34 7.24

1979 7.47 7.34

1980 7.55 7.51

1981 7.78 7.70

1982 8.31 7.79

1983 8.43 8.23

1984 8.66 8.45

1985 8.82 8.56

1986 8.87 8.70

1987 8.97 8.93

1988 9.11 9.13

1989 9.25 9.26

1990 9.31 9.46

1991 9.49 9.77

1992 10.46 10.60

1993 10.56 10.86
a For the years 1976 to 1980, values are shipment weighted EERs.

For all the households in RECS with either a central air conditioner or heat pump, the
methodology for establishing the stock space-cooling efficiency of space-conditioning equipment
yields a weighted-average stock efficiency of 8.58 SEER for central air conditioners and a weighted-
average stock efficiency of 8.72 SEER for heat pumps.

Based on the use of the RECS weighted-average stock space-cooling energy use and
weighted-average efficiency for central air conditioners, the weighted-average baseline space-
cooling annual energy use for central air conditioners is:  
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Based on the use of the RECS weighted-average stock space-cooling energy use and weighted-
average efficiency for heat pumps, the weighted-average baseline space-cooling annual energy use
for heat pumps is:  

5.2.3.2 Standard-Level Annual Space-Cooling Energy Use

Definition
The annual space-cooling energy use associated with air conditioning or  heat pump

equipment at a specific standard level.  Similar to the baseline annual energy use, the standard-level
annual energy use is directly proportional to the energy use associated with the stock air-conditioning
or heat pump equipment in the specific RECS household being analyzed.   

Approach
For air conditioners and the cooling-side of heat pumps, the standard-level annual space-

cooling energy use is defined by the following equation:

Where,
UECstock_c = annual space cooling energy use associated with the stock equipment in the

RECS household,
SEERstock = the SEER associated with the stock equipment in the RECS household, and
SEERstd = the SEER associated with the increased efficiency level or standard.

The above equation for determining the standard-level annual space-cooling energy use is
identical to that for the baseline annual space-cooling energy use, with the exception that the SEER
associated with the increased standard is used in place of the baseline efficiency (i.e., 10 SEER).
Thus, the determination of the standard-level annual space-cooling energy use is based upon the
same information as used for the baseline energy use, namely, the stock annual space-cooling energy
use and efficiency.  

Assumptions
The assumptions for determining the stock annual space-cooling energy use and the stock

space-cooling efficiency have been discussed in the previous section (Section 5.2.3.1).  For central
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air conditioners, the weighted-average stock annual space-cooling energy use and the weighted-
average stock efficiency are 2629 kWh/yr and 8.58 SEER, respectively.  For heat pumps, the
weighted-average stock annual space-cooling energy use and the weighted-average stock efficiency
are 2987 kWh/yr and 8.72 SEER, respectively.

Based on the above weighted-average values and the use of Eqn 5.9, weighted-average
standard-level annual space-cooling energy use values can be determined.  Table 5.8 shows the
weighted-average annual space-cooling energy use values for standard levels up to 17 SEER for both
central air conditioners and heat pumps.  It is worth reiterating that the values shown in Table 5.8
are the weighted-average values associated with each standard level.  In the course of conducting
the LCC analysis with Crystal Ball, the energy use due to a particular standard level is determined
for each household in RECS based on the unique age and space-cooling energy use associated with
that household.  As a point of reference, the weighted-average stock annual space-cooling energy
use and the weighted-average stock efficiency are included in Table 5.8.  Also provided are the
weighted-average baseline space-cooling energy use and efficiency values.  

Table 5.8   Central Air Conditioner and Heat Pump Annual Space-Cooling
Energy Use scaled to SEER

Standard Level Central Air Conditioners Heat Pumps

SEER (Btu/W@hr) kWh/yr kWh/yr

survey 8.58a (CAC), 8.72a (HP) 2629a 2987a

scaled 10 2256 2605

11 2051 2368

12 1880 2171

13 1735 2004

14 1611 1860

15 1504 1736

16 1410 1628

17 1327 1532

18 1253 1447
a RECS-based weighted-average values for household equipment in use in 1993.

5.2.3.3 Baseline Annual Space-Heating Energy Use

Definition
The annual space-heating energy use associated with baseline (i.e., 6.8 HSPF)  heat pump

equipment.  The baseline annual energy use is directly proportional to the energy use associated with
the stock heat pump equipment in the specific RECS household being analyzed.   

Approach
For the heating-side of heat pumps, the baseline annual space-heating energy use is defined

by the following equation:
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base h stock h
stock

base
UEC UEC

HSPF
HSPF_ _= ⋅ (5.10)

Where,
UECstock_h = annual space-heating energy use associated with the stock equipment in the

RECS household,
HSPFstock = the HSPF associated with the stock equipment in the RECS household, and
HSPFbase = the HSPF associated with the baseline equipment (i.e., 6.8 HSPF).

Thus, the approach for determining the annual baseline space-heating energy use requires that the
UECstock_h and HSPFstock first be determined.

Assumptions
The following discusses the assumptions for determining the stock annual space-heating

energy use and the stock space-heating efficiency.

Stock Annual Space-Heating Energy Use (UECstock_h)

The stock annual space-heating energy consumption is based on data from the 1993 RECS9.
For each household with a heat pump, RECS estimates the equipment’s annual energy consumption
from the household’s energy bills.  It is important to note that the estimated annual energy
consumption corresponds to the household’s stock equipment, specifically its capacity and
efficiency.

Figure 5.12 depicts the weighted distribution of the stock annual space-heating energy use
for those RECS households with a heat pump.  As discussed earlier, of the over 7000 households
surveyed in RECS, 613 were to determined to have heat pumps.  The space heating energy use
ranges from a  minimum value of 162 kWh/yr to a maximum value of 29,839 kWh/yr.  The
weighted-average value is 4658 kWh/yr.
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Figure 5.12 Percent of Households with Heat Pumps by Annual Space-
Heating Energy Consumption (Source: U.S. DOE-EIA, 1993 RECS)

Stock Space-Heating Efficiency (HSPFstock)

As indicated in the baseline annual space-heating energy use equation (Eqn. 5.10), the HSPF
of the stock equipment is necessary for determining the annual space-heating energy use associated
with minimum (6.8 HSPF) efficiency heat pump equipment.  

In order to establish the HSPF of the stock equipment, the age of the equipment as indicated
by the 1993 RECS1 0  is first established.   For each household surveyed with a heat pump, RECS
provides an age index for the equipment.  Each index value corresponds to a range of equipment
ages.  The distribution of age indices for the heat pumps in RECS was shown previously in the
discussion of stock space-cooling efficiency (Figure 5.11).  That figure is repeated below as Figure
5.13.  A table is imbedded in the figure showing the corresponding range of ages for each index.
Each age in the range of values that correspond to a particular age index is assumed to have an equal
probability of occurring.
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Figure 5.13 Distribution of Age Indices for RECS households
with a Heat Pump (Source: U.S. DOE-EIA, 1993 RECS)

Index Age (years)

1 0 to 2

2 2 to 4
3 5 to 9

4 10 to 19
5 20 and over
6 5 to 15

9 5 to 15

Once the age of the equipment is established, disaggregated shipments data provided by ARI
are used to determine the efficiency of the equipment.  Unlike the data provided by ARI for the
SEER, shipments data disaggregated by HSPF are available only for a limited number of years (1987
through 1990).  With this data, an efficiency distribution for each year from 1987 to 1990 can be
created.  The shipment weighted-average efficiencies by year are shown in the table below (Table
5.9).  For years preceding 1987 and extending past 1990, an efficiency increase rate of 1.5% per year
is used to establish the shipment weighted HSPF (the resulting values are presented in Table 5.9).
This rate of increase is the average rate of increase exhibited by the shipment weighted HSPF from
1987 to 1990.  Efficiency distributions for those years in which data were not provided were assumed
to have the same distributional shape as the years (1987 through 1990) in which data were provided.
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Table 5.9   Shipment Weighted HSPFs of Unitary Heat Pumps
Year Unitary Heat Pumps a

1976 5.66

1977 5.74

1978 5.83

1979 5.91

1980 6.00

1981 6.09

1982 6.18

1983 6.28

1984 6.37

1985 6.47

1986 6.56

1987 6.66

1988 6.81

1989 6.87

1990 6.98

1991 7.08

1992 7.19

1993 7.30
a 1987-1990: HSPFs are actual shipment weighted values from ARI shipments data.  Other years: HSPFs based on

efficiency rate increase of 1.5%.

For all the households in RECS with a heat pump, the methodology for establishing the heat
pump stock space-heating efficiency yields a weighted-average stock efficiency of 6.52 HSPF.

Based on the use of the RECS weighted-average stock space-heating energy use and
weighted-average efficiency for heat pumps, the weighted-average baseline space-heating annual
energy use is:  

5.2.3.4 Standard-Level Annual Space-Heating Energy Use

Definition
The annual space-heating energy use associated with heat pump equipment at a specific

standard level.  Similar to the baseline annual energy use, the standard-level annual energy use is
directly proportional to the energy use associated with the stock heat pump equipment in the specific
RECS household being analyzed.   
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Approach
For the heating-side of heat pumps, the standard level annual space-heating energy use is

defined by the following equation:

Where,
UECstock_h = annual space-heating energy use associated with the stock equipment in the

RECS household,
HSPFstock = the HSPF associated with the stock equipment in the RECS household, and
HSPFstd = the HSPF associated with the increased efficiency level or standard.

The above equation for determining the standard-level annual space-heating energy use is
identical to that for the baseline annual space-heating energy use, with the exception that the HSPF
associated with the increased standard is used in place of the baseline efficiency (e.g., 6.8 SEER).
Thus, the determination of the standard-level annual space-heating energy use is based upon the
same information as used for the baseline energy use, namely, the stock annual space-heating energy
use and efficiency.  

Assumptions
The assumptions for determining the stock annual space-cooling energy use and the stock

space-cooling efficiency have been discussed in the previous section (Section 5.2.3.3). The
weighted-average stock annual space-heating energy use and weighted-average stock efficiency are
4658 kWh/yr and 6.52 HSPF, respectively.  

Based on the above weighted-average values and the use of Eqn 5.11, weighted-average
standard-level annual space-heating energy use values can be determined.  Table 5.10 shows the
weighted-average annual space-heating energy use values for standard levels up to 8.4 HSPF.  It is
worth reiterating that the values shown in Table 5.10 are the weighted-average values associated
with each standard level.  In the course of conducting the LCC analysis with Crystal Ball, the energy
use due to a particular standard level is determined for each household in RECS based on the unique
age and space-heating energy use associated with that household.
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Table 5.10   Heat Pump Weighted-Average Annual Space-Heating
Energy Use scaled to HSPF

Standard Level Heat Pumps

HSPF (Btu/W@hr) kWh/yr

survey 6.52a 4658a

scaled 6.8 4466

7.1 4277

7.4 4104

7.7 3944

8.0 3796

8.2 3704

8.4 3615

8.6 3531

8.8 3451
a RECS-based weighted-average values for household equipment in use in 1993.

5.2.3.5 Average Electricity Price

Definition
Average electricity price is the mean price paid for all electricity by the 1993 RECS

households examined.

Approach
Distributions of average electricity prices were prepared for groups of 1993 RECS

households with central air conditioners and with heat pumps.

Assumptions
Figures 5.14 and 5.15 show the distributions of average electricity prices that were used in

the LCC analysis for those 1993 RECS11 households with central air conditioners and heat pumps,
respectively.  The weighted-average average electricity price for central air conditioners is 8.44
¢/kWh while for heat pumps it is 7.81 ¢/kWh.  Both electricity prices are for the year 1993 in 1993$.
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Figure 5.14 Percent of Households with Central Air Conditioners by
Average Electricity Prices (Source: U.S. DOE-EIA, 1993 RECS)
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Figure 5.15 Percent of Households with heat Pumps by Average Electricity
Prices (Source: U.S. DOE-EIA, 1993 RECS)
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marg marg margEL a EL b ELsum win= ⋅ + ⋅_ _ (5.12)

5.2.3.6 Marginal Electricity Price

Definition
Marginal electricity prices are the prices faced by households for the last kWh of electricity

purchased. A household’s marginal price can be higher or lower than its average price, depending
on the relationship between the block rate price structure facing the household and the size of
customer charges and/or other charges included in the household’s electricity bill.

Approach
Marginal electricity prices were estimated directly from RECS household data by calculating

the slopes of regression lines that relate customer bills and customer usage.  The slopes of the
regressions for four “summer” months (June to September) and, separately, for the remaining
(“winter”) months were calculated12.

For purposes of conducting the LCC analysis, an annual marginal electricity price was
derived from the “summer” and “winter” marginal prices.  The following expression was used for
the derivation:

Where,
a = seasonal weighting factor for the “summer” marginal electricity price,
ELmarg_sum = “summer” marginal electricity price,
b = seasonal weighting factor for the “winter” marginal electricity price, and
ELmarg_win = “winter” marginal electricity price.

Because central air conditioners and heat pumps are seasonal household appliances that use
energy during specific times of the year, the “summer” and “winter” prices must be weighted
appropriately in order to reflect their seasonal energy use.  Simulated household cooling and heating
loads based on the DOE-2 modeling of residential buildings were used to establish the appropriate
seasonal weighing factors13.  

Assumptions
The DOE-2 modeling of U.S. residential buildings was conducted on a regional basis taking

into account the vintage of the housing stock.  Prototypical homes were constructed by region and
vintage based on data from U.S. Census Bureau reports, the National Association of Home Builders
(NAHB), and the F.W. Dodge Corporation14.  Table 5.11 shows the housing characteristics of the
prototypical households with their location and vintage along with a breakdown of their cooling and
heating loads during the “summer” and “winter” seasons.  The “summer” and “winter” seasons are
equivalent to the “summer” and “winter” months defined above.  With regard to the breakdown of
building loads, the percentage signifies that portion of the building load which occurs during each
season.  The percentage breakdowns under the “Cooling Only” columns specify that portion of the
cooling load which occurs during the “winter” and “summer” seasons.  The breakdowns under the
“Heating Only” columns specify that portion of the heating load which occurs during each season.
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And finally, the percentage breakdowns under the “Cooling and Heating” columns specify that
portion of the total space-conditioning load (heating and cooling) which occurs during the “summer”
and “winter” seasons.  

Based on the assumption that the seasonal building loads can be used as a proxy for actual
space-conditioning energy consumption, the percentage breakdowns provided in Table 5.11 become
the seasonal weighting factors which are used to calculate the annual marginal electricity price from
the “summer” and “winter” marginal prices.  For those RECS households with central air
conditioners, the seasonal weighting factors are based upon the percentage breakdowns listed under
the “Cooling Only” columns while those RECS households with heat pumps use the percentage
breakdowns listed under the “Cooling and Heating” columns.  The “Heating Only” columns in Table
5.11 are provided for informational purposes only.

In order to map the appropriate seasonal weighting factors from Table 5.11 to a RECS
household, the general geographic location of the household plus its age are required.  For the
households surveyed, RECS specifies the building’s age.  But the geographic location of the
household is specified only down to the Census division level.  Thus, a method was employed to
specify each RECS household to one of 40 different geographic zones.15  Figure 5.16 displays a map
of the continental U.S. with the “RECS-derived” geographic zones.  Each “RECS-derived”
geographic zone in Figure 5.16 is specified by a city residing in its zone.  Since seasonal weighting
factors were developed for only 16 base cities (Table 5.11), each “RECS-derived” geographic zone
was allocated to a base city based upon geographic proximity.  Once the correspondence between
each base city and each “RECS-derived” geographic zone is established, the seasonal weighting
factors can be mapped to each RECS household.  Table 5.12 lists the “RECS-derived” geographic
zones and their corresponding base city. 
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Table 5.11   Prototypical Household Characteristics and Building Load Seasonal Breakdowns
Building Load Seasonal Breakdown

Housing Characteristics Cooling Only Heating Only Cooling and Heating

Census
Division Base City Prototype Year Built No. of

Stories
Floor
Area

Window
Area Wall Type Foundation

Type Winter Summer Winter Summer Winter Summer

New England Boston

A pre 1940s 2 1440 280 Wood Basement 7% 93% 97% 3% 88% 12%

B 1950-1970 2 2220 430 Wood Basement 7% 93% 98% 2% 89% 11%
C 1980s 2 2090 261 Wood Basement 6% 94% 98% 2% 89% 11%
D 1990s 2 2280 285 Wood Basement 6% 94% 98% 2% 87% 13%

Mid-Atlantic New York

A pre 1940s 2 1400 277 Wood Basement 8% 92% 99% 1% 85% 15%
B 1950-1970 2 1960 385 Wood Basement 8% 92% 99% 1% 86% 14%
C 1980s 2 2090 243 Wood Basement 5% 95% 99% 1% 83% 17%

D 1990s 2 2280 265 Wood Basement 4% 96% 99% 1% 84% 16%

East North
Central Chicago

A pre 1940s 2 1580 300 Wood Basement 9% 91% 98% 2% 86% 14%
B 1950-1970 1 1380 264 Brick Basement 9% 91% 99% 1% 89% 11%

C 1980s 2 2220 275 Alum Basement 9% 91% 99% 1% 87% 13%
D 1990s 2 2420 300 Alum Basement 10% 90% 99% 1% 84% 16%

West North
Central

Minneapolis

A pre 1940s 2 1580 310 Wood Basement 12% 88% 97% 3% 89% 11%

B 1950-1970 1 1100 216 Wood Basement 11% 89% 97% 3% 90% 10%
C 1980s 2 2220 242 Wood Basement 10% 89% 98% 2% 91% 9%

D 1990s 2 2420 264 Wood Basement 11% 89% 98% 2% 88% 12%

Kansas City

A pre 1940s 1 1580 310 Wood Basement 15% 85% 98% 2% 73% 27%
B 1950-1970 1 1100 216 Wood Basement 14% 86% 99% 1% 74% 26%

C 1980s 2 2220 282 Wood Basement 12% 88% 99% 1% 72% 28%
D 1990s 2 2420 307 Wood Basement 12% 88% 99% 1% 67% 33%

South Atlantic

Washington

A pre 1940s 1 1165 207 Wood Crawl 16% 84% 99% 1% 78% 22%

B 1950-1970 1 1415 249 Brick Crawl 16% 84% 99% 1% 79% 21%
C 1980s 2 2180 288 Alum Basement 12% 88% 99% 1% 73% 27%
D 1990s 2 2390 316 Alum Basement 11% 89% 99% 1% 75% 25%

Atlanta

A pre 1940s 1 1165 207 Wood Crawl 21% 79% 99% 1% 72% 28%
B 1950-1970 1 1415 249 Brick Crawl 17% 83% 100% 0% 74% 26%

C 1980s 2 2180 264 Wood Basement 17% 83% 100% 0% 62% 38%
D 1990s 2 2390 289 Wood Basement 16% 84% 100% 0% 62% 38%

Miami

A pre 1940s 1 1165 207 Wood Crawl 46% 54% 100% 0% 50% 50%

B 1950-1970 1 1415 249 Brick Crawl 44% 56% 100% 0% 47% 53%
C 1980s 1 1620 214 Stucco Slab 44% 56% 100% 0% 45% 55%
D 1990s 1 1830 242 Stucco Slab 44% 56% 100% 0% 45% 55%
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Table 5.11   Prototypical Household Characteristics and Building Load Seasonal Breakdowns (cont.)
Building Load Seasonal Breakdown

Housing Characteristics Cooling Only Heating Only Cooling and Heating

Census
Division Base City Prototype Year Built No. of

Stories
Floor
Area

Window
Area Wall Type Foundation

Type Winter Summer Winter Summer Winter Summer

West South
Central

Fort Worth

A pre 1940s 1 1055 216 Wood Slab 18% 82% 100% 0% 56% 44%

B 1950-1970 1 1390 286 Brick Slab 15% 85% 100% 0% 54% 46%
C 1980s 1 1620 214 Wood Slab 14% 86% 100% 0% 50% 50%
D 1990s 1 1830 242 Wood Slab 13% 87% 100% 0% 52% 48%

New Orleans

A pre 1940s 1 1055 216 Wood Slab 32% 68% 99% 1% 55% 45%
B 1950-1970 1 1390 286 Brick Slab 29% 71% 99% 1% 52% 48%
C 1980s 1 1620 214 Brick Slab 26% 74% 99% 1% 47% 53%

D 1990s 1 1830 242 Brick Slab 25% 75% 99% 1% 48% 52%

Mountain

Denver

A pre 1940s 1 975 177 Wood Basement 13% 87% 95% 5% 82% 18%
B 1950-1970 1 1080 196 Brick Slab 7% 93% 97% 3% 88% 12%

C 1980s 2 2070 263 Wood Basement 10% 90% 97% 3% 82% 18%
D 1990s 2 2290 291 Wood Basement 9% 91% 97% 3% 83% 17%

Albuquerque

A pre 1940s 1 975 177 Wood Basement 19% 81% 98% 2% 71% 29%

B 1950-1970 1 1080 196 Brick Slab 12% 88% 99% 1% 75% 25%
C 1980s 1 1660 179 Stucco Slab 10% 90% 99% 1% 74% 26%

D 1990s 1 1880 203 Stucco Slab 9% 91% 99% 1% 76% 24%

Phoenix

A pre 1940s 1 975 177 Wood Basement 29% 71% 100% 0% 45% 55%
B 1950-1970 1 1080 196 Brick Slab 23% 77% 100% 0% 36% 64%

C 1980s 1 1660 179 Stucco Slab 20% 80% 100% 0% 32% 68%
D 1990s 1 1880 203 Stucco Slab 20% 80% 100% 0% 32% 68%

Pacific North Seattle

A pre 1940s 1 1400 244 Wood Crawl 2% 98% 90% 10% 87% 13%

B 1950-1970 1 1390 242 Wood Crawl 2% 98% 91% 9% 89% 11%
C 1980s 2 2070 383 Wood Crawl 2% 98% 93% 7% 88% 12%
D 1990s 2 2290 424 Wood Crawl 1% 99% 93% 7% 89% 11%

Pacific South

San Francisco

A pre 1940s 1 1400 244 Wood Crawl 38% 62% 82% 18% 80% 20%
B 1950-1970 1 1390 242 Stucco Crawl 38% 62% 83% 17% 81% 19%

C 1980s 2 2070 325 Stucco Slab 36% 64% 86% 14% 84% 16%
D 1990s 2 2290 360 Stucco Slab 36% 64% 86% 14% 84% 16%

Los Angeles

A pre 1940s 1 1400 244 Wood Crawl 29% 71% 93% 7% 80% 20%

B 1950-1970 1 1390 242 Stucco Crawl 34% 66% 93% 7% 84% 16%
C 1980s 2 2070 325 Stucco Slab 42% 58% 92% 8% 81% 19%
D 1990s 2 2290 360 Stucco Slab 44% 56% 92% 8% 82% 18%
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Figure 5.16 RECS-derived Geographic Zones 

Table 5.12   Base City and RECS Geographic Zone Correspondences
Base City from Table 5.11 RECS-derived Geographic Zones as shown in Figure 5.16
Boston Boston / Burlington / Portland
New York Buffalo / New York / Philadelphia
Chicago Chicago / Cincinnati
Minneapolis Bismark / Minneapolis
Kansas City Kansas / Omaha
Washington Nashville / Pittsburgh / Raleigh-Durham / Washington, D.C.
Atlanta Atlanta / Birmingham / Charleston
Miami Jacksonville / Miami
Fort Worth El Paso / Ft. Worth / Memphis / Oklahoma / San Antonio
New Orleans Lake Charles
Denver Boise / Cheyenne / Denver / Great Falls / Reno
Albuquerque Albuquerque
Phoenix Fresno / Las Vegas / Phoenix
Seattle Portland / Seattle
San Francisco San Francisco
Los Angeles Los Angeles / San Diego
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Figure 5.17 Percent of Households with Central Air Conditioners by
Marginal Electricity Prices

Figures 5.17 and 5.18 show the distributions of annual marginal electricity prices that were
calculated for those RECS households with central air conditioners and heat pumps, respectively.
The weighted-average annual marginal electricity price for central air conditioners is 8.68 ¢/kWh
while the price for heat pumps is 7.94 ¢/kWh.  Both electricity prices are for the year 1993 in 1993$.
The weighted-average marginal electricity prices for central air conditioners and heat pumps are
higher than their corresponding weighted-average average electricity prices of 8.44 ¢/kWh and
7.81¢/kWh for central air conditioners and heat pumps, respectively.   It is interesting to note that
the range of marginal electricity prices as depicted in Figures 5.17 and 5.18 are greater than those
for the average electricity prices (Figures 5.14 and 5.15).
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Figure 5.18 Percent of Households with Heat Pumps by Marginal
Electricity Prices

5.2.3.7 Electricity Price Trend

Definition
The relative change in electricity prices for future years out to the year 2030.

Approach
Estimating future electricity rates is very difficult.  In some states, the electricity supply

industry is undergoing restructuring.  Previously, each household was assigned to a particular utility
company, and the rates offered by that utility could be obtained from surveys.  In the future, with
restructuring, households will be able to purchase electricity from a large set of suppliers.  

A projected trend in national average electricity prices is applied to each household’s energy
prices, after accounting for “value of savings” (described above).  In the life-cycle cost (LCC)
spreadsheets, the user can select from the following scenarios:

1) Constant energy prices at 1999 values
2) Energy Information Administration Annual Energy Outlook 1999, High Economic

Growth16

3) Energy Information Administration Annual Energy Outlook 1999, Reference Case17

4) Energy Information Administration Annual Energy Outlook 1999, Low Economic
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Figure 5.19 Electricity Price Trends

Growth18

5) Gas Research Institute 1998 Baseline Projection19

Figure 5.19 shows the trends for the last four of those projections.  The values in later years
(i.e. after 2015 for GRI and after 2020 for all others) are interpolated from their relative sources.
Interpolation is needed because the sources used do not forecast beyond 2020 (or 2015 in the case
of the GRI forecast).  To arrive at values for these later years two techniques were used.  In the three
trends forecast by EIA (i.e., “High Growth,” “AEO 1999,” and “Low Growth”) the price trend in the
last five years of the forecast was used to establish prices in the years 2020-2030.  With the GRI
forecast prices are simply left constant at 2015 levels.  Additional work is being conducted to refine
these later year forecast values in line with methods currently used by the EIA to forecast fuel prices
for the Federal Energy Management Program (FEMP).  Electricity prices will be held constant at
2020 levels on the assumption that the transition to a restructured utility industry will have been
completed.

Assumptions
The current LCC analysis assumes the trend from the AEO99 Reference Case.   The LCC

spreadsheets have the capability to use the AEO99 High and Low Growth price trends, the 1998 Gas
Research Institute Baseline Projection, and constant energy prices.
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5.2.3.8 Repair Cost

Definition
The repair cost is the cost to the consumer for replacing or repairing components which have

failed in the space-conditioning equipment.  

Approach
The assumed annualized repair cost for baseline efficiency central air-conditioning and heat

pump equipment (i.e., the cost the consumer pays annually for repairing the equipment) and
equipment with efficiencies of 13 SEER and greater are based on the following expression:

Where,
EQP = equipment price (consumer price for only the equipment), and
LIFE = the average lifetime of the equipment (18.4 years).

Equipment with efficiencies of 11 and 12 SEER were assumed to incur a 1% increase in
repair cost over the minimum efficiency level (10 SEER).     

Assumptions
The rationale for assuming essentially flat repair costs through efficiencies up to and

including 12 SEER pertains to the level of technology being used at these system efficiency levels.
Through 12 SEER, system technology generally does not incorporate sophisticated electronic
components which are believed to incur higher repair costs.  Increases in SEER are generally
achieved through more efficient single-speed compressors or more efficient and/or larger heat
exchanger coils.  Systems with efficiencies beyond 12 SEER start to incorporate modulating blowers
or compressors which are generally believed to be more susceptible to failure.  More research which
may include a survey of contractors will be conducted for future updates to the LCC analysis to
confirm the current repair cost assumptions.

Table 5.13 shows the average repair costs by standard level for split and single package
central air conditioners and heat pumps.  Because the repair cost is assumed to be a function of
equipment price, there are two sets of repair costs for each product class; one based on the ARI
manufacturer costs and the other based on the reverse engineering costs.  Since equipment prices are
a function of variables which are represented by distributions rather than single point-values
(manufacturer cost, manufacturer markup, dealer markup, and sales tax), repair costs are actually
represented by a distribution of values rather than just the average values shown in Table 5.13.
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Table 5.13   Central Air Conditioner and Heat Pump Average Repair Costs
SEER Split System A/C Single Package A/C Split System HP Single Package HP

Btu/W·hr ARI Rev Eng ARI Rev Eng ARI Rev Eng ARI Rev Eng

10 $28 $28 $38 $38 $44 $44 $42 $42

11 $29 $29 $39 - $45 $45 $43 -

12 $29 $29 $39 $39 $45 $45 $43 $43

13 $46 $40 $63 $54 $64 $60 $68 -

14 $58 $49 $72 - $73 $73 $74 -

15 $68 $56 $86 - $93 $83 $91 -

16 - $59 - - - $89 - -

17 - $63 - - - - - -

5.2.3.9 Maintenance Cost

Definition
The maintenance cost is the cost to the consumer of maintaining equipment operation.  The

maintenance cost is not the cost associated with the replacement or repair of components which have
failed.  Rather, the maintenance cost is associated with general maintenance (e.g., checking and
maintaining refrigerant charge levels and cleaning heat exchanger coils).    

Approach
Data from Service Experts20, an HVAC service company, were used to establish service

costs.

Assumptions
Figure 5.20 shows the distribution of maintenance costs which are assumed in the LCC

analysis.  As the figure shows, 73% of consumers are assumed to incur no service cost while 27%
of consumers are assumed to incur an annual service cost of $135.  The weighted-average
maintenance cost from this distribution is $36.  The distribution of maintenance costs depicted in
Figure 5.20 are assumed to apply to all product types (split or package systems, air conditioners or
heat pumps). 

The maintenance cost is assumed not to change with increased efficiency.  The rationale
being that the general maintenance of more efficient products should not be impacted by the more
sophisticated components that they contain.  In other words, general maintenance such as the
checking of refrigerant charge levels and the cleaning of heat exchanger coils should be the same
regardless of the sophistication level of the system components.
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Figure 5.20   Distribution of Annual Maintenance Costs

5.2.3.10  Lifetime

Definition
The age at which the central air conditioner or heat pump is retired from service.  

Approach
A literature search was conducted to determine the most relevant and accurate lifetime data

for central air conditioners and heat pumps.

Assumptions
In choosing a value for lifetimes of central air conditioners and heat pumps, a variety of

sources were reviewed. These studies on air conditioner and heat pump lifetime indicate that there
is a wide range of values.   Table 5.14 summarizes the sources of lifetime information with their
respective mean or median lifetime value. 
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Table 5.14   Central Air Conditioner and Heat Pump Mean and Median Lifetimes
Central AC Heat Pump

Source years a years a

Appliance Magazineb. The Life Expectancy/Replacement Picture, Sept. 1998 21 13 14

National Association of Home Builders. Housing Facts c, Figures, and Trends, 1998 22 15 15

1995 ASHRAE Applications Handbook d 23 15 15

M.E. Bucher et al, American Electric Power Service Corp. 1990. “Heat Pump Life and
Compressor Longevity in Diverse Climates” 24 - 19 e

K.A. Pientka, Commonwealth Edison Co.  1987. “Heat Pump Service Life and
Compressor Longevity in a Northern Climate” 25 - 15 to 16 e

C.C. Hiller, EPRI and N.C. Lovvorn, Alabama Power Co. 1987. “Heat Pump
Compressor Life in Alabama” 26 - 20 e

J.E. Lewis, Easton Consultants. 1987. “Survey of Residential Air-to-Air Heat Pump
Service Life and Maintenance Issues” 27 12.1 10.9

MTSC, Inc.f  Energy Capital in the U.S. Economy, prepared for the Office of Policy,
Planning, and Evaluation, U.S. Department of Energy, Nov. 1980 28 12 12
a Mean lifetimes except where noted.
b Based on first-owner use.  Central AC min life = 8, max life = 18.  Heat Pump min life = 10, max life = 17.  
c Sources: Air Conditioning and Refrigeration Institute; Air Conditioning, Heating, and Refrigeration News; Air Movement and
Control Association; American Gas Association; American Society of Gas Engineers; ASHRAE
d Source for Central A/C: Akalin, M.T. 1978. “Equipment life and maintenance cost survey”, ASHRAE Transactions 84(2):94-106.
Source for Heat Pump: ASHRAE Technical Committee 1.8, 1986.
e Median lifetime.
f Based on retirement function.

The above sources report mean and median lifetimes ranging from 10.9 to 20 years. The 1990
ASHRAE technical paper by Bucher, et al, has the most recent and most detailed information on heat
pump life available, based on a survey performed for the Electric Power Research Institute of 2,184
heat pump installations in a seven-state region of the United States. The sources that report shorter
average lifetimes are based on data of a lesser quality, and are therefore considered less reliable.  For
example, in the case of Appliance Magazine, the reported lifetime values are based on expert opinion
rather than empirical data.

Central air conditioners and heat pumps produced at some future date may have different
lifetimes than those in the same class produced in the past. The projections of lifetimes and other
parameters used in the analysis should be based on observed empirical trends, as well as expert
knowledge of likely changes in the industry, since future changes are not always straight-line
projections of past trends. While expert judgement is crucial, however, it must have a strong
empirical basis.  With this in mind, it is felt that the value for lifetimes in the Bucher paper are the
most sound, given available evidence of past performance and recent trends.
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Figure 5.21 Retirement Function for Central Air Conditioners
and Heat Pumps

Figure 5.21 shows the retirement function that was developed from the Bucher paper.  It
should be noted that the retirement function developed from the survey covered the first 19 years of
the product’s life.  In order to complete the entire retirement function, an extrapolation was used
based on estimates performed by  others.29  Although the survey was conducted only on heat pumps,
the retirement function was used as the basis for estimating central air conditioner product lifetime
in addition to the lifetime of heat pumps.  The retirement function depicted in Figure 5.21 yields a
weighted-average lifetime of 18.4 years. 

5.2.3.11   Discount Rate

Definition
The rate at which future expenditures are discounted to establish their present value.

Approach
A distribution of discount rates was derived to represent the variability in financing methods

consumers use in purchasing appliances.  The resulting distribution of discount rates is used to
calculate a distribution of life-cycle costs for central air conditioners and heat pumps.  Table 5.15
summarizes the interest rate assumptions discussed below.
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Table 5.15   Survey of Nominal Interest Rates
Percent of Central A/C Range of Real Interest Rates

Financing Method Heat Pump Sales Minimum Maximum Mean

New home (after tax) 30% 1.60% 4.40% 3.00%

Cash 10% 0.00% 6.00% 3.00%

Credit Card 35% 6.00% 19.00% 12.50%

Second mortgage (after tax) 25% 2.32% 5.20% 3.76%

Consumer Purchase and Financing Methods.  Consumers are assumed to purchase space-
conditioning appliances in new homes, through home refinancing, and as retail purchases.  The retail
purchases are assumed to be paid by cash and credit cards.  The Air Conditioning & Refrigeration
Institute (ARI) provided their input as to the percentage of central air conditioner and heat pump
purchases captured by each of the above financing mechanisms.30  As provided by ARI, about 30%
of retail purchases are in new homes, 10% are paid in cash, 35% are paid using credit cards, and 25%
are purchased in the course of home remodels where a second mortgage is utilized.  The method of
purchase used by consumers is assumed to be indicative of the source of the funds and the type of
financing used by these consumers. 

Interest Rates.  A range of interest rates were estimated that may reasonably be expected to
apply in the future to different types of consumer savings or financing.  These are estimates, based
upon historical data and judgment about how the future may differ from the historical period.

For new housing, ARI estimated a mean real mortgage rate of 3%. ARI’s estimate was
coupled with minimum and maximum nominal mortgage rates of 5% and 8.89%, respectively.  The
range of after-tax rates were derived assuming a tax of 28% and an assumed inflation rate of 2%.
The result is a range of real mortgage rates of 1.6 to 4.4% with a mean value, as provided by ARI,
of 3%. (Example: 5% * (100%-28%) - 2% = 1.6%)

For cash, the minimum rate is 0%.  This rate applies to consumers making cash purchases
without withdrawing from savings accounts.  The maximum is taken to be the opportunity cost
represented by the interest that could have been earned in a typical mutual fund.  As provided by
ARI, a typical mutual fund was assumed to have a rate of return of 6%.  Thus, the range of real
interest rates was assumed to be 0 to 6% with a mean value of 3%.

For credit cards, ARI estimated a mean real interest rate of 12.5%.  The minimum credit card
rate is taken as 6% real.  Introductory rates on some credit cards today are 5.9% nominal, but after
the introductory period (often 6 months), the rate becomes much higher.  Maximum rates are over
20% nominal.  For purposes of this analysis, a maximum rate is taken as 19% real.

For second mortgages or loans, ARI suggested a mean interest rate of 8%.  This was treated
as a nominal rather than a real interest rate.  Assuming a tax rate of 28%, then subtracting an
assumed inflation rate of 2% (the same rates used to derive the new home real interest rates) we
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Figure 5.22   Distribution of Discount Rates

arrive at a mean real interest rate of 3.76%.  The assumed range of nominal second mortgage rates
was 6 to 10%.  Using the above tax and inflation rates yields a range of real rates of 2.32 to 5.2%.

The real interest rate associated with financing a space-conditioning appliance purchase or
with the savings from which the necessary funds were drawn are good indicators of the additional
costs incurred by consumers who pay a higher first cost, but enjoy future savings.  For this reason,
it is assumed that these rates are appropriate discount rates for use in this analysis.  Table 5.16
summarizes the ranges of discount rates used in the LCC distribution analysis, derived from the
analysis of financing methods described above.  Figure 5.22 shows the distribution of real discount
rates, ranging from 0 to 19%, with a mean of 6.5%.  The weights noted on the y-axis indicate percent
of purchases.

Table 5.16 uses the data in Table 5.15 and accounts for overlap between the new home and
cash interest rates.

Table 5.16   Distribution of Discount Rates
Minimum Value Maximum Value Probability

0.00% 1.60% 3%

1.60% 2.32% 9%

2.32% 4.40% 44%

4.40% 5.20% 8%

5.20% 6.00% 1%

6.00% 19.00% 35%
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DOE recognizes that other factors might be considered in the estimation of real consumer
discount rates, such as the actual impacts of appliance purchases on consumer savings, indebtedness
or consumption, and expressed or imputed consumer preferences.  While such data, if it were to
become available, might provide a stronger analytical basis for DOE’s choice of discount rates, it
is considered unlikely that such data would have a significant effect on the range of values
considered in the current analysis.

5.2.3.12  Effective Date of Standard

Definition
This is the year at which a new standard is expected to become effective.

Approach
The LCC is calculated for all households as if they each purchase a new central air

conditioner or heat pumps in the year the standard takes affect.  The cost of the equipment are based
on this year, however, all dollar values are expressed in 1998 dollars.  Annual energy prices are
included for the life of the central air conditioner or heat pump.

Assumption
The new energy efficiency standard for central air conditioners and heat pumps is assumed

to take effect in the year 2006.

5.2.3.13  Base Case Design

Definition
This is the cost and efficiency of the starting point to which different improvement levels of

central air conditioners and heat pumps are compared.

Approach
As detailed earlier, cost data was supplied by ARI and developed through a reverse

engineering analysis for a baseline (i.e., 10 SEER) and higher efficiency levels.  In the LCC
spreadsheets, the user can select any level against which to compare higher efficiency levels.  

Assumption
The default assumption for the base case design for both central air conditioners and heat

pumps is the baseline design option (i.e., 10 SEER).

5.2.3.14  Standard Case Design

Definition
The improved efficiency level for comparison with the base case design.
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Approach
The LCC spreadsheet user selects the level for the analysis.

Assumption
Analysis is done for all levels for which data were provided.  

5.2.4 LCC Results and Preliminary Output

This section presents preliminary results for LCC for the efficiency improvement levels
specified in the Engineering Analysis (Chapter 4).  Results presented here are based on the inputs
described in sections 5.2.2 and 5.2.3.  

As has been detailed in the previous sections, the value of most inputs are uncertain and are
represented by a distribution of values rather than a single point-value.  Thus, the LCC results will
also be a distribution of values.  But before proceeding with the presentation of the distributional
LCC results, it is worth showing how, on an average basis, the installed consumer costs, annual
operating expenses, and, finally, the life-cycle costs vary with efficiency for each of the four product
classes.  

5.2.4.1 LCC Breakdown based upon Average Input Values

For each product class, Figures 5.23 through 5.46 show how, on an average basis, the
installed consumer costs, annual operating expenses, and life-cycle costs vary with efficiency.
Figures 5.23 through 5.28 pertain to split system air conditioners, Figures 5.29 through 5.34 pertain
to split system heat pumps, Figures 5.35 through 5.40 pertain to single package air conditioners, and
Figures 5.41 through 5.46 pertain to single package heat pumps.  

The results based upon ARI manufacturer cost data and reverse engineering cost data are
shown side-by-side in order that direct comparisons can be made as to how each cost data set
impacts installed consumer cost, annual operating expense, and life-cycle cost.  The figures for
installed cost are segmented into equipment and installation price. The figures for annual operating
expense are segmented into annual electricity, repair, and maintenance costs.  The figures for life-
cycle cost are segmented into installed consumer cost and lifetime operating expense.  Although the
following figures are based on mean or average values rather than results from the Crystal Ball
analysis, they serve to demonstrate how the various inputs ultimately impact life-cycle cost.
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Figure 5.23 Split A/C: Mean Installed Consumer Costs –
ARI

$0

$500

$1,000

$1,500

$2,000

$2,500

$3,000

$3,500

$4,000

10 11 12 13 14 15 16 17

SEER

In
st

al
le

d 
C

on
su

m
er

 C
os

t

Equipment Price

Installation Price

Figure 5.24 Split A/C: Mean Installed Consumer Costs –
Rev Eng 
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Figure 5.25 Split A/C: Mean Annual Operating Expenses
– ARI
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Figure 5.26 Split A/C: Mean Annual Operating Expenses
– Rev Eng
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Figure 5.27 Split A/C: Mean Life-Cycle Costs – ARI
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Figure 5.28 Split A/C: Mean Life-Cycle Costs – Rev Eng



5-50

$0

$1,000

$2,000

$3,000

$4,000

$5,000

$6,000

10 11 12 13 14 15 16

SEER

In
st

al
le

d 
C

on
su

m
er

 C
os

t

Equipment Price

Installation Price

Figure 5.29 Split HP: Mean Installed Consumer Costs –
ARI

$0

$1,000

$2,000

$3,000

$4,000

$5,000

$6,000

10 11 12 13 14 15 16

SEER

In
st

al
le

d 
C

on
su

m
er

 C
os

t

Equipment Price

Installation Price

Figure 5.30 Split HP: Mean Installed Consumer Costs –
Rev Eng
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Figure 5.31 Split HP: Mean Annual Operating Expenses
– ARI
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Figure 5.32 Split HP: Mean Annual Operating Expenses
– Rev Eng
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Figure 5.33 Split HP: Mean Life-Cycle Costs – ARI
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Figure 5.34 Split HP: Mean Life-Cycle Costs – Rev Eng
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Figure 5.35 Package A/C: Mean Installed Consumer
Costs – ARI
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Figure 5.36 Package A/C: Mean Installed Consumer
Costs – Rev Eng
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Figure 5.37 Package A/C: Mean Annual Operating
Expenses – ARI
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Figure 5.38 Package A/C: Mean Annual Operating
Expenses – Rev Eng
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Figure 5.39 Package A/C: Mean Life-Cycle Costs – ARI
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Figure 5.40 Package A/C: Mean Life-Cycle Costs – Rev
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Figure 5.41 Package HP: Mean Installed Consumer
Costs – ARI
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Figure 5.42 Package HP: Mean Installed Consumer
Costs – Rev Eng
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Figure 5.43 Package HP: Mean Annual Operating
Expenses – ARI
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Figure 5.44 Package HP: Mean Annual Operating
Expenses – Rev Eng
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Figure 5.45 Package HP: Mean Life-Cycle Costs – ARI
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In reviewing the installed consumer cost results in Figures 5.23 and 5.24 for split system air
conditioners, Figures 5.29 and 5.30 for split system heat pumps, Figures 5.35 and 5.36 for single
package air conditioners, and Figures 5.41 and 5.42 for single package heat pumps, the largest
contributor to increased consumer cost is the equipment price since the installation price remains
constant across efficiency.

With regard to annual operating expense, Figures 5.25 and 5.26 for split system air
conditioners, Figures 5.31 and 5.32 for split system heat pumps, Figures 5.37 and 5.38 for single
package air conditioners, and Figures 5.43 and 5.44 for single package heat pumps show that the
largest contributor to the overall operating cost at any efficiency level is the annual electricity cost.
Of course, as efficiency increases, the electricity cost decreases.  But starting at an efficiency of 13
SEER for all product classes, the jump in repair cost that occurs at this efficiency level begins to
negate the reduction in electricity cost that is realized from higher efficiency.  This is especially true
for split system and single package air conditioners.  Note that for air conditioning systems, the
repair cost is a larger percentage of the overall operating cost than that for heat pumps, especially
at efficiency levels exceeding 13 SEER.  Because the maintenance cost is assumed to remain
constant across all efficiency levels, the overall operating cost is not impacted by the maintenance
cost as efficiency increases.

The life-cycle cost results in Figures 5.27 and 5.28 for split system air conditioners, Figures
5.33 and 5.34 for split system heat pumps, Figures 5.39 and 5.40 for single package air conditioners,
and Figures 5.45 and 5.46 for single package heat pumps reveal that as efficiency increases, the
installed consumer cost has more of an impact on the life-cycle cost than the lifetime operating cost.
Even in the case of split system and single package heat pumps where the lifetime operating cost
contributes more to the overall life-cycle cost, as efficiency increases, the increase in the installed
consumer cost tends to negate any reduction in life-cycle cost realized from lower lifetime operating
costs.  As a result, for most product classes, regardless of manufacturer cost type (ARI or reverse
engineering), only efficiencies of 11 and 12 SEER have a lower life-cycle cost than the baseline level
(i.e., 10 SEER).  

It is worth reiterating that the results shown in Figures 5.23 through 5.46 are based upon
average input values and not input distributions.  Thus, although observations can be made as to how
the various inputs impact life-cycle cost and, in turn, how the resulting life-cycle costs change with
efficiency, conclusions should only be drawn from the distribution of life-cycle cost results that are
presented later (Section 5.2.4.3).

5.2.4.2 Baseline LCC Distributions

As stated earlier, the Monte Carlo method of analysis relying on Crystal Ball (i.e., random
sampling from distributions) was used to conduct the LCC analysis.  The following results presented
here are based on 10,000 samples per Monte Carlo run.
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Figure 5.47   Split A/C: Percent of Households by Life-Cycle Cost, Baseline

The first step in developing LCC results is to develop the baseline LCC for each of the four
product classes.  For this analysis, the baseline LCC is based on average electricity prices (Section
5.2.3.5) from each RECS household, in agreement with the household energy bill.  The change in
LCC for various efficiency levels (to be presented later) is based on marginal electricity prices
(Section 5.2.3.6).  

Figures 5.47 through 5.50 show the frequency chart for the baseline LCC for the four product
classes.  A frequency chart shows the distribution of LCCs with its corresponding probability of
occurrence.  As discussed earlier, the baseline efficiency level is assumed to equal the existing
minimum energy efficiency standards.  For split system and single package air conditioners, this
means the baseline efficiency level is set to 10 SEER.  For split system and single package heat
pumps, the baseline efficiency levels are set to 10 SEER for the cooling performance and 6.8 HSPF
for the heating performance.  Table 5.17 summarizes the baseline distributions depicted in Figures
5.47 through 5.50 by showing the mean, median, minimum, and maximum LCCs.
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Figure 5.48   Split Heat Pump: Percent of Households by Life-Cycle Cost, Baseline

0%

1%

2%

3%

4%

5%

6%

7%

$0

$1
,0

00

$2
,0

00

$3
,0

00

$4
,0

00

$5
,0

00

$6
,0

00

$7
,0

00

$8
,0

00

$9
,0

00

$1
0,

00
0

$1
1,

00
0

$1
2,

00
0

$1
3,

00
0

$1
4,

00
0

$1
5,

00
0

$1
6,

00
0

$1
7,

00
0

$1
8,

00
0

$1
9,

00
0

$2
0,

00
0

$2
1,

00
0

Life-Cycle Cost

P
er

ce
nt

 o
f H

ou
se

ho
ld

s

Figure 5.49   Single Package A/C: Percent of Households by Life-Cycle Cost, Baseline
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Figure 5.50   Single Package HP: Percent of Households by Life-Cycle Cost, Baseline

Table 5.17   Baseline LCC: Mean, Median, Minimum, and Maximum Values
Product Class Minimum Median Mean Maximum

Split A/C $2,097 $4,367 $4,837 $20,808

Split Heat Pump $3,382 $9,175 $10,086 $36,718

Package A/C $2,475 $4,843 $5,341 $21,293

Package Heat Pump $3,287 $9,031 $10,025 $44,870

5.2.4.3 Change in LCC Results

The change in LCC results are presented as differences in the LCC relative to the baseline
central air conditioner or heat pump design.  As mentioned previously, the LCC differences are
depicted as a distribution of values.  The primary results are presented in two types of charts within
Crystal Ball: 1) a frequency chart showing the distribution of LCC differences with its corresponding
probability of occurrence and 2) a cumulative chart showing the cumulative distribution of LCC
differences along with the corresponding probability of occurrence.  In each chart, the mean LCC
difference is provided along with the percent of the population for which the LCC will decrease. 

In the explanation below, the two charts depicting the case for an 11 SEER efficiency level
based on ARI manufacturer cost data are used (Figures 5.51 and 5.52).  In either chart (frequency
or cumulative), the mean change (reduction of $10 in the examples here) is shown in a text box next
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Frequency Chart
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Figure 5.51 Frequency Chart of LCC Differences for 11 SEER Efficiency Level based on
the use of ARI Manufacturer Cost Data

to a vertical line at that value on the x-axis.  The phrase “Certainty is 39.13% from -Infinity to $0”
means that 39.13% of households will have reduced LCC with the increased efficiency level
compared to the baseline efficiency level (i.e., 10 SEER). 

Figure 5.51 is an example of a frequency chart.  The y-axes show the number of households
(“Frequency” at right y-axis) and percent of all households (“Probability” at left y-axis).  In this
example, 10,000 households were examined (“10,000 trials”) and all the almost all the results are
displayed (“182 outliers”).  The x-axis is the difference in LCC between a baseline efficiency level
and a higher efficiency level (in this example, 11 SEER).  The x-axis begins with negative values
on the left, which indicate that standards for those households provide savings (reduced LCC).
Reduced LCC occurs when reduced operating expenses more than compensate for increased
purchase expense.  In  Figure 5.51, going from the baseline efficiency level (10 SEER) to the 11
SEER efficiency level provides households with an average LCC reduction of $10, and range from
reductions of $500 (at the left) to increases of $197 (at the right) depending upon the household.
(The minimum and maximum values cannot be read with precision from the graph, but rather, the
program provides them in a statistical summary.  It should be noted that in this example, reductions
in LCC extend to $1586 but, because they are considered outliers, are not shown.)
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Cumulative Chart
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Figure 5.52 Cumulative Chart of LCC Differences for 11 SEER Efficiency Level based
on the use of ARI Manufacturer Cost Data

The vertical axis in Figure 5.52 is the cumulative probability (left axis) or frequency (right
axis) that the LCC difference will be less than the value on the horizontal axis.  Starting at the left,
there is a 0% probability that a household will have a reduction in LCC larger than $500  in absolute
value (excluding outliers).  At the right, there is a 100% probability that a household will have either
a decrease in LCC or an increase in LCC of less than $197.

Appendix D contains the frequency and cumulative charts for all the efficiency levels based
on both the ARI and reverse engineering cost data.  These charts provide more complete information
than summary statistics, but a summary of the change in LCC from the baseline by percentile
groupings (i.e., of the distribution of results) are provided below in Tables 5.18 through 5.21 for each
of the product classes.  The mean and the percent of LCCs that are reduced for each standard level
are also shown. 

As an example of how to interpret the information in Tables 5.18 through 5.21, the 11 SEER
efficiency level for split system air conditioners based on ARI data is reviewed.  The 11 SEER
efficiency level in Table 5.18 (row 1) shows that the maximum (zero percentile column) change in
LCC is savings of $1,586.  (Negative values are net savings.)  For 90% of the cases studied (90th

percentile), the change in LCC is a cost of $130 or less.  The largest increase in LCC is $197 (100th

percentile).  The mean change in LCC is a net savings of $10. The last column shows that 39% of
the sample have reduced LCC (i.e., change in LCC less than or equal to zero).  

Figures 5.53 through 5.60 graphically compare the ARI and reverse engineering LCC results.
In this way, direct comparisons can be made as to how the different sets of cost data impact life-cycle
cost.  The first figure for each product class shows the mean LCCs while the second figure shows
the percentage of households at each standard level with reduced LCCs.
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Figure 5.53 Split A/C: Mean Life-Cycle Cost – ARI vs. Rev Eng
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Figure 5.54 Split A/C: Percent with reduced LCC – ARI vs. Rev Eng

Table 5.18   Summary of LCC Results for Split Air Conditioners

Efficiency Level
(SEER)

Change in LCC from Baseline
Shown by Percentiles of the Distribution of Results  (values in 1998$)

Percent of
Households

with reduced
LCC

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Mean

ARI

11 $-1,586 $-205 $-97 $-40 $2 $38 $64 $87 $108 $130 $197 $-10 39%

12 $-2,948 $-322 $-113 $-9 $73 $135 $182 $226 $266 $306 $433 $49 31%

13 $-4,045 $-76 $179 $318 $417 $499 $562 $613 $667 $750 $1,062 $392 12%

14 $-5,599 $248 $550 $717 $836 $935 $1,014 $1,085 $1,166 $1,283 $1,793 $822 6%

15 $-4,884 $528 $897 $1,079 $1,218 $1,329 $1,429 $1,521 $1,634 $1,795 $2,551 $1,215 4%

Rev Eng

11 $-1,750 $-240 $-128 $-71 $-29 $4 $31 $55 $76 $98 $157 $-42 48%

12 $-3,625 $-416 $-226 $-117 $-36 $29 $78 $123 $159 $199 $317 $-68 45%

13 $-4,211 $-393 $-122 $32 $137 $221 $288 $341 $393 $450 $710 $103 27%

14 $-4,785 $-165 $138 $319 $449 $549 $629 $697 $768 $862 $1,402 $418 15%

15 $-5,947 $-45 $313 $509 $654 $766 $864 $943 $1,029 $1,155 $1,757 $626 11%

16 $-5,609 $-71 $362 $575 $740 $866 $971 $1,060 $1,153 $1,290 $1,951 $705 11%

17 $-7,245 $0 $455 $698 $882 $1,021 $1,135 $1,230 $1,336 $1,491 $2,329 $844 10%



5-60

$9,400

$9,600

$9,800

$10,000
$10,200

$10,400

$10,600

$10,800
$11,000

$11,200

10 11 12 13 14 15 16

SEER

M
ea

n 
L

if
e-

C
yc

le
 C

os
t

ARI

Rev Eng

Figure 5.55 Split HP: Mean Life-Cycle Costs – ARI vs. Rev Eng
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Figure 5.56 Split HP: Percent with reduced LCC – ARI vs. Rev Eng

Table 5.19   Summary of LCC Results for Split Heat Pumps

Efficiency Level
(SEER /HSPF)

Change in LCC from Baseline
Shown by Percentiles of the Distribution of Results  (values in 1998$)

Percent of
Households

with reduced
LCC

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Mean

ARI

11 / 7.1 $-2,824 $-488 $-326 $-231 $-165 $-110 $-64 $-19 $24 $78 $169 $-171 74%

12 / 7.4 $-6,395 $-824 $-523 $-341 $-219 $-114 $-28 $54 $134 $231 $421 $-234 63%

13 / 7.7 $-8,619 $-745 $-338 $-101 $66 $194 $306 $410 $509 $639 $1,083 $33 36%

14 / 8.0 $-9,091 $-768 $-227 $51 $256 $433 $569 $693 $826 $1,001 $1,577 $225 28%

15 / 8.2 $-10,502 $-98 $485 $806 $1,031 $1,213 $1,361 $1,501 $1,644 $1,853 $2,671 $993 11%

Rev Eng

11 / 7.1 $-3,359 $-616 $-454 $-362 $-301 $-246 $-199 $-156 $-113 $-60 $22 $-306 99%

12 / 7.4 $-6,468 $-1,06 $-738 $-570 $-445 $-347 $-258 $-179 $-94 $5 $166 $-468 90%

13 / 7.7 $-7,247 $-915 $-505 $-281 $-121 $7 $116 $218 $323 $466 $803 $-151 49%

14 / 8.0 $-8,162 $-712 $-204 $79 $282 $435 $571 $694 $827 $1,004 $1,541 $245 27%

15 / 8.2 $-8,663 $-604 $9 $340 $570 $752 $915 $1,064 $1,204 $1,410 $2,114 $633 20%

16 / 8.4 $-9,632 $-555 $110 $470 $722 $915 $1,087 $1,243 $1,418 $1,658 $2,564 $678 18%
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Figure 5.57 Package A/C: Mean Life-Cycle Costs – ARI vs. Rev Eng
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Figure 5.58 Pack. A/C: Percent with reduced LCC – ARI vs. Rev Eng

Table 5.20   Summary of LCC Results for Single Package Air Conditioners

Efficiency Level
(SEER)

Change in LCC from Baseline
Shown by Percentiles of the Distribution of Results  (values in 1998$)

Percent of
Households

with reduced
LCC

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Mean

ARI

11 $-1,525 $-113 $-4 $57 $102 $138 $166 $188 $210 $231 $292 $88 20%

12 $-3,528 $-277 $-78 $34 $119 $183 $233 $279 $320 $359 $453 $92 26%

13 $-5,373 $238 $478 $617 $711 $784 $849 $907 $961 $1,033 $1,374 $690 5%

14 $-5,024 $469 $765 $926 $1,047 $1,136 $1,212 $1,285 $1,362 $1,460 $1,893 $1,021 4%

15 $-6,394 $936 $1,277 $1,461 $1,595 $1,700 $1,792 $1,880 $1,978 $2,102 $2,774 $1,580 2%

Rev Eng

12 $-3,125 $-485 $-284 $-184 $-106 $-41 $8 $50 $90 $126 $220 $-130 58%

13 $-4,751 $-202 $63 $208 $310 $385 $449 $506 $557 $612 $876 $274 17%
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Figure 5.59 Package HP: Mean Life-Cycle Costs – ARI vs. Rev Eng
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Figure 5.60 Package HP: Percent with reduced LCC – ARI vs. Rev Eng

Table 5.21   Summary of LCC Results for Single Package Heat Pumps

Efficiency Level
(SEER)

Change in LCC from Baseline
Shown by Percentiles of the Distribution of Results  (values in 1998$)

Percent of
Households

with reduced
LCC

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Mean

ARI

11 / 7.1 $-3,343 $-437 $-269 $-175 $-109 $-55 $-6 $35 $79 $133 $222 $-119 61%

12 / 7.4 $-5,706 $-788 $-472 $-300 $-182 $-78 $14 $101 $181 $281 $462 $-190 58%

13 / 7.7 $-9,377 $-468 $-44 $186 $348 $468 $572 $673 $768 $919 $1,387 $317 22%

14 / 8.0 $-7,381 $-549 $-46 $233 $429 $596 $726 $845 $972 $1,145 $1,670 $400 21%

15 / 8.2 $-9,444 $-33 $519 $821 $1,041 $1,210 $1,358 $1,496 $1,644 $1,849 $2,810 $1,006 10%

Rev Eng

12 / 7.4 $-5,235 $-940 $-636 $-468 $-344 $-246 $-161 $-83 $1 $101 $260 $-361 80%
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5.3 DISTRIBUTION PAYBACK PERIOD

5.3.1 Metric

The payback period (PBP) measures the amount of time it takes the consumer to recover the
assumed higher purchase expense of more energy-efficient equipment through lower operating costs.
Numerically, the PBP is the ratio of the increase in purchase expense (i.e., from a less efficient
design  to a more efficient design) to the decrease in annual operating expenditures.  This type of
calculation is known as a “simple” payback period, because is does not take into account changes
in operating expense over time or the time value of money, that is, the calculation is done at an
effective discount rate of 0%. 

 PBP is found by solving the equation:

for PAY, where ? P = difference in purchase expense between the more efficient and the less efficient
design options, and ? O1 = difference in annual operating expenses.  PBPs are expressed in years.
PBPs greater than the life of the product mean that the increased purchase expense is not recovered
in reduced operating expenses.

5.3.2 Inputs

The data inputs to PBP are the purchase expense (otherwise known as the total installed
consumer cost) for each design option and the annual (first year) operating expenditures for each
design option.  The inputs to the purchase expense are the equipment price and the installation price.
The inputs to the operating costs are the annual energy savings, the energy price, the annual repair
cost savings, and the annual maintenance cost savings.  The Distribution PBP uses the same inputs
as the LCC analysis described in section 5.2 except for a few exceptions described below.  

Since this is a “simple” payback the electricity rate used is only for the year the standard takes
effect, assumed here to be the year 2006.  The price of electricity is that projected for that year.
Discount rates are not used for the payback calculation.

5.3.3 Preliminary Results

Figure 5.61 is an example of a chart showing the distribution of payback periods for the 11
SEER efficiency level for split system air conditioners based on the ARI manufacturer cost data. The
chart is the result of 10,000 Monte Carlo runs or in other words, 10,000 samples from each of the
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Figure 5.61 Distribution of Payback Periods for 11 SEER Efficiency Level based on ARI
Manufacturer Cost Data

distribution inputs.

Tables 5.22 through 5.25 summarize the payback period results for each of the four primary
product classes.  Results are summarized for the payback period by percentile groupings (i.e.,
percentile of the distribution of results).  The mean payback period for each standard level are also
shown. 

Figures 5.62 through 5.69 graphically compare the ARI and reverse engineering payback
period results.  In this way, direct comparisons can be made as to how the different sets of cost data
impact payback period.  The first figure for each product class shows the median (50th percentile)
payback periods while the second figure shows the mean payback periods.  In must be noted that in
the figures, payback periods exceeding 35 years are represented graphically as a 35 year payback.
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Figure 5.62 Split A/C: Median Payback Periods – ARI vs. Rev Eng
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Figure 5.63 Split A/C: Mean Payback Periods – ARI vs. Rev Eng

Table 5.22   Summary of Payback Period Results for Split Air Conditioners

Efficiency 
Level

(SEER)

Payback Period in Years
Shown by Percentiles of the Distribution of Results

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Mean

ARI

11 1 5 7 8 10 13 16 21 28 44 >1000 33

12 2 6 8 10 13 15 20 25 34 52 >1000 28

13 2 10 15 20 27 41 70 182 1000 1000 >1000 440

14 3 14 22 32 48 80 222 1000 1000 1000 >1000 546

15 3 17 28 42 67 137 1000 1000 1000 1000 >1000 1104

Rev Eng

11 1 4 5 7 8 10 13 17 22 34 >1000 26

12 1 4 6 7 9 11 14 18 25 37 >1000 20

13 1 6 8 11 14 20 29 47 115 1000 >1000 204

14 2 9 13 18 24 35 59 137 1000 1000 >1000 375

15 2 10 15 21 29 43 80 261 1000 1000 >1000 352

16 2 11 15 22 30 46 84 273 1000 1000 >1000 1086

17 2 11 16 23 32 49 95 419 1000 1000 >1000 855
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Figure 5.64 Split HP: Median Payback Periods – ARI vs. Rev Eng
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Figure 5.65 Split HP: Mean Payback Periods – ARI vs. Rev Eng

Table 5.23   Summary of Payback Period Results for Split Heat Pumps

Efficiency 
Level

(SEER / HSPF)

Payback Period in Years
Shown by Percentiles of the Distribution of Results

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Mean

ARI

11 / 7.1 1 3 4 5 5 6 7 8 10 16 250 10

12 / 7.4 1 4 5 6 7 8 9 11 13 21 326 13

13 / 7.7 1 6 7 9 11 13 17 21 31 85 >1000 129

14 / 8.0 2 7 9 11 14 17 21 28 42 245 >1000 131

15 / 8.2 2 11 14 19 24 31 42 61 122 1000 >1000 219

Rev Eng

11 / 7.1 0 0 1 1 1 1 1 1 1 2 34 1

12 / 7.4 0 2 2 2 3 3 4 4 5 9 111 5

13 / 7.7 1 4 6 7 8 10 12 15 20 50 >1000 81

14 / 8.0 1 7 9 11 14 17 21 27 41 204 >1000 119

15 / 8.2 2 8 11 14 17 21 27 37 58 841 >1000 142

16 / 8.4 2 8 11 15 18 22 28 38 63 1000 >1000 150
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Figure 5.66 Package A/C: Median Payback Periods – ARI vs. Rev Eng
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Figure 5.67 Package A/C: Mean Payback Periods – ARI vs. Rev Eng

Table 5.24   Summary of Payback Period Results for Single Package Air Conditioners

Efficiency 
Level

(SEER)

Payback Period in Years
Shown by Percentiles of the Distribution of Results

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Mean

ARI

11 2 8 11 14 17 20 26 34 46 71 >1000 36

12 2 7 9 12 14 17 22 29 39 63 >1000 42

13 2 15 23 33 50 84 267 1000 1000 1000 >1000 486

14 3 17 28 42 67 133 1000 1000 1000 1000 >1000 531

15 4 23 40 66 125 558 1000 1000 1000 1000 >1000 645

Rev Eng

12 1 3 4 5 7 8 10 13 18 27 >1000 15

13 2 8 12 16 22 30 49 108 1000 1000 >1000 288
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Figure 5.68 Package HP: Median Payback Periods – ARI vs. Rev Eng
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Figure 5.69 Package HP: Mean Payback Periods – ARI vs. Rev Eng

Table 5.25   Summary of Payback Period Results for Single Package Heat Pumps

Efficiency 
Level

(SEER / HSPF)

Payback Period in Years
Shown by Percentiles of the Distribution of Results

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Mean

ARI

11 / 7.1 1 4 5 6 7 8 9 11 14 21 321 13

12 / 7.4 1 4 5 6 8 9 10 12 15 25 313 14

13 / 7.7 2 8 10 13 16 20 25 34 51 503 >1000 183

14 / 8.0 2 8 10 13 16 20 25 34 51 477 >1000 134

15 / 8.2 2 11 15 19 24 31 42 63 128 1000 >1000 218

Rev Eng

12 / 7.4 1 3 3 4 5 5 6 7 9 14 181 8
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5.4 REBUTTABLE PAYBACK PERIOD

Rebuttable PBP’s are presented in order to provide the legally established rebuttable
presumption that a energy efficiency standard is economically justified if the additional product costs
attributed to the standard are less than three times the value of the first year energy cost savings (42
U.S.C. §6295 (o)(2)(B)(iii)).

5.4.1 Metric

The basic equation for Rebuttable PBP is the same as that shown in section 5.3 (Eqn. 5.14).
Unlike the analyses in sections 5.2 and section 5.3, the Rebuttable PBP is not based on distributions
and does not utilize the Crystal Ball option in the spreadsheet model.  Rather than using
distributions, the Rebuttable PBP is based on discrete single-pont values.  For example, where a
probability distribution of electricity prices are used in the distributional Payback Analysis, only the
weighted-average value from the probability distribution of electricity prices is used for the
determination of the Rebuttable PBP.

Other than the use of single point-values, the most notable difference between the
Distribution PBP and the Rebuttable PBP is the latter’s reliance on the DOE test procedure to
determine a central air conditioner’s or heat pump’s annual energy consumption.31  In the case of
central air conditioners and the cooling seasonal performance of heat pumps, the DOE test procedure
uses the following expression to calculate the annual space-cooling energy consumption:

Where,
UECcool Reb PBP = annual space-cooling energy use based on the DOE test procedure,
CAPcool = the cooling capacity of the equipment at 95EF, and
SEER = the SEER of the equipment, and
Hours = 1000, the assumed annual operational hours.

For the heating seasonal performance of heat pumps, the DOE test procedure uses the following
expression to calculate the annual space-heating energy consumption:

Where,
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UECheat Reb PBP = annual space-heating energy use based on the DOE test procedure,
DHR = the design heat requirement (which for 3-ton cooling capacity heat pumps

is typically 35,000 Btu/hr),
HSPF = the HSPF of the equipment, and
Hours = 2080, the assumed annual operational hours.

As will be shown later (Section 5.4.3), based on the use of the DOE test procedure equations,
the calculated annual space-cooling and heating energy consumption are on the order of 50% greater
than the weighted-average values from the 1993 RECS.  This means that for any standard level being
analyzed, the Rebuttable PBP value will be significantly lower than the average payback value from
the distributional analysis.

5.4.2 Inputs

Inputs differ from the Distribution PBP in that discrete values are used rather than
distributions for inputs.  The following describe the single point-values which were used in the
determination of the Rebuttable PBP.  All dollar values are in 1998$.

• Manufacturer costs are based on mean values as presented in Table 5.3 for the ARI
cost data and Table 5.4 for the reverse engineering cost data.

• All markups and sales taxes are based on mean values (1.18 for manufacturer
markup, 1.36 for distributor markup, 1.55 for dealer markup, and 6.7% for sales
taxes).

• Installation prices are based on mean values of $1190 for split and single package air
conditioners and $2035 for split and single package heat pumps.

• Annual energy consumption is based on the DOE test procedure as presented in
Eqns. 5.15 and 5.16.  In determining the annual space-cooling energy use, the
assumed cooling capacity is 3-tons (36,000 Btu/hr).  In determining the annual space-
heating energy use for heat pumps, the assumed design heating requirement is 35,000
Btu/hr.

• Electricity rates for both average and marginal prices are based on weighted-average
values for the year the standard takes effect, i.e., AEO projections for the year 2006.

• An average discount rate or lifetime is not required in this calculation.

• Effective data of standard is assumed to be 2006. 
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5.4.3 Preliminary Results

Rebuttable payback periods are calculated between the new standard level being analyzed
and each central air conditioner or heat pump efficiency being sold in the year 2006.  Based on the
most recently available shipments data from ARI (from 1994), Table 5.26 depicts the markets shares
by efficiency level for each of the four product classes. 

Table 5.26   Efficiency Level Market Shares for 1994
SEER Split A/C Split HP Single Package A/C Single Package HP

10 78.7% 59.3% 82.3% 64.2%

11 5.4% 15.0% 9.7% 13.6%

12 12.0% 19.7% 6.8% 22.2%

13 3.6% 4.5% 1.2% 0.0%

14 0.1% 1.0% 0.0% 0.0%

15 0.2% 0.5% 0.0% 0.0%

Because the shipment weighted efficiencies of unitary air conditioners and heat pumps have
remained essentially flat over the four year period from 1994 to 1997, the above market shares in
Table 5.26 for 1994 are assumed to be representative of those in the year new standards are assumed
to become effective (2006).

After the paybacks are determined against each efficiency level sold in the year 2006, they
are weighted and averaged according to the percentage of each equipment efficiency sold  before a
new standard is enacted.  As described earlier, rather than being based on probability distributions,
single point-values are used for the input variables.  Annual energy use values are defined by inputs
(e.g., operating hours) and expressions found in the DOE test procedure.  The result is a single-value
of payback and not a probability distribution.  The payback is calculated for the expected effective
year of the standard (e.g., 2006). 

Tables 5.27 through 5.34 show the Rebuttable PBPs for the four primary product classes.
Two tables are presented for each product class; one based on the ARI manufacturer cost data and
other based on the reverse engineering cost data.  In each table the primary inputs used in the
determination of Rebuttable PBP are presented.  Of special note are the two columns of data that
show the weighted-average installed consumer cost and weighted-average annual operating expense.
For each standard level, the weighted-average consumer cost and weighted-average operating
expense are the baseline values which the standard level is referenced against.  Both of these values
are based upon the normalized percentage of each equipment efficiency sold that precedes the
particular efficiency level of interest.  This approach of calculating Rebuttable PBP is equivalent to
weighting and averaging the payback against each efficiency level.  
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To illustrate the weighted-average concept of calculating Rebuttable PBP, the weighted-
average installed cost and operating expense values are calculated here for the 12 SEER efficiency
level for split system air conditioners based on the ARI manufacturer cost data (Table 5.27).  For the
12 SEER efficiency level, the weighted-average installed consumer cost is calculated with the
following expression:

The weighted-average operating expense is calculated with the following expression:

Finally, the Rebuttable PBP is calculated as follows:

Table 5.27   Summary of Rebuttable PBPs and Inputs for
Split System Air Conditioners based on ARI Manufacturer Cost Data

Weighted-Avg of Units
Sold below Effc’y

Installed Annual Annual Annual Annual Assumed Installed Annual Rebutt.
Effc’y Consumer Energy Repair Maint. Operating 2006 Consumer Operating Payback
Level Cost Use Cost Cost Expense Effc’y Cost Expense Period
SEER 1998$ kWh/yr 1998$ 1998$ 1998$ Distr. 1998$ 1998$ years

10 $2,236 3,600 $28 $36 $359 78.7% - - -

11 $2,403 3,273 $29 $36 $332 5.4% $2,236 $359 6.2
12 $2,613 3,000 $29 $36 $309 12.0% $2,247 $357 7.6
13 $2,895 2,769 $46 $36 $307 3.6% $2,292 $351 13.7
14 $3,313 2,571 $58 $36 $302 0.1% $2,314 $349 20.9

15 $3,700 2,400 $68 $36 $298 0.2% $2,316 $349 26.8
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Table 5.28   Summary of Rebuttable PBPs and Inputs for
Split System Air Conditioners based on Reverse Engineering Manufacturer Cost Data

Weighted-Avg of Units
Sold below Effc’y

Installed Annual Annual Annual Annual Assumed Installed Annual Rebutt.
Effc’y Consumer Energy Repair Maint. Operating 2006 Consumer Operating Payback
Level Cost Use Cost Cost Expense Effc’y Cost Expense Period
SEER 1998$ kWh/yr 1998$ 1998$ 1998$ Distr. 1998$ 1998$ years

10 $2,236 3,600 $28 $36 $359 78.7% - - -

11 $2,371 3,273 $29 $36 $332 5.4% $2,236 $359 5.0
12 $2,502 3,000 $29 $36 $309 12.0% $2,245 $357 5.4
13 $2,671 2,769 $40 $36 $301 3.6% $2,277 $351 7.8
14 $3,002 2,571 $49 $36 $293 0.1% $2,291 $349 12.7
15 $3,234 2,400 $56 $36 $285 0.2% $2,292 $349 14.7

16 $3,359 2,250 $59 $36 $276 0.0% $2,294 $349 14.6
17 $3,523 2,118 $63 $36 $269 0.0% $2,294 $349 15.4

Table 5.29   Summary of Rebuttable PBPs and Inputs for
Split System Heat Pumps based on ARI Manufacturer Cost Data

Weighted-Avg of
Units Sold below

Effc’y

Installed Annual Annual Annual Annual Assumed Installed Annual Rebutt.
Effc’y Consumer Energy Repair Maint. Operating 2006 Consumer Operating Payback
Level Cost Use Cost Cost Expense Effc’y Cost Expense Period

SEER/HSPF 1998$ kWh/yr 1998$ 1998$ 1998$ Distr. 1998$ 1998$ years

10 /6.8 $3,668 11,844 $44 $36 $976 59.3% - - -
11 / 7.1 $3,831 11,168 $44 $36 $924 15.0% $3,668 $976 3.2
12 / 7.4 $4,059 10,575 $45 $36 $879 19.7% $3,701 $966 4.2
13 / 7.7 $4,386 10,049 $64 $36 $858 4.5% $3,776 $947 6.8

14 / 8.0 $4,712 9,578 $73 $36 $830 1.0% $3,803 $943 8.0
15 / 8.2 $5,447 9,236 $93 $36 $824 0.5% $3,812 $942 13.8
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Table 5.30   Summary of Rebuttable PBPs and Inputs for
Split System Heat Pumps based on Reverse Engineering Manufacturer Cost Data

Weighted-Avg of
Units Sold below

Effc’y

Installed Annual Annual Annual Annual Assumed Installed Annual Rebutt.
Effc’y Consumer Energy Repair Maint. Operating 2006 Consumer Operating Payback
Level Cost Use Cost Cost Expense Effc’y Cost Expense Period

SEER/HSPF 1998$ kWh/yr 1998$ 1998$ 1998$ Distr. 1998$ 1998$ years
10 /6.8 $3,668 11,844 $44 $36 $976 59.3% - - -

11 / 7.1 $3,691 11,168 $44 $36 $924 15.0% $3,668 $976 0.4
12 / 7.4 $3,831 10,575 $45 $36 $879 19.7% $3,672 $966 1.8
13 / 7.7 $4,236 10,049 $60 $36 $853 4.5% $3,705 $947 5.6
14 / 8.0 $4,725 9,578 $73 $36 $831 1.0% $3,730 $943 8.8

15 / 8.2 $5,087 9,236 $83 $36 $814 0.5% $3,739 $942 10.5
16 / 8.4 $5,315 8,923 $89 $36 $796 0.0% $3,747 $941 10.8

Table 5.31   Summary of Rebuttable PBPs and Inputs for
Single Package Air Conditioners based on ARI Manufacturer Cost Data

Weighted-Avg of Units
Sold below Effc’y

Installed Annual Annual Annual Annual Assumed Installed Annual Rebutt.
Effc’y Consumer Energy Repair Maint. Operating 2006 Consumer Operating Payback
Level Cost Use Cost Cost Expense Effc’y Cost Expense Period
SEER 1998$ kWh/yr 1998$ 1998$ 1998$ Distr. 1998$ 1998$ years

10 $2,607 3,600 $38 $36 $369 82.3% - - -

11 $2,876 3,273 $39 $36 $342 9.7% $2,607 $369 9.9
12 $3,032 3,000 $39 $36 $319 6.8% $2,635 $366 8.5
13 $3,499 2,769 $63 $36 $323 1.2% $2,662 $363 21.2
14 $3,839 2,571 $72 $36 $316 0.0% $2,673 $362 25.2

15 $4,349 2,400 $86 $36 $315 0.0% $2,673 $362 35.8
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Table 5.32   Summary of Rebuttable PBPs and Inputs for
Single Package Air Conditioners based on Reverse Engineering Manufacturer Cost Data

Weighted-Avg of Units
Sold below Effc’y

Installed Annual Annual Annual Annual Assumed Installed Annual Rebutt.
Effc’y Consumer Energy Repair Maint. Operating 2006 Consumer Operating Payback
Level Cost Use Cost Cost Expense Effc’y Cost Expense Period
SEER 1998$ kWh/yr 1998$ 1998$ 1998$ Distr. 1998$ 1998$ years

10 $2,607 3,600 $38 $36 $369 82.3% - - -

11 1 $2,876 3,273 $38 $36 $341 9.7% $2,607 $369 3.5
12 $2,798 3,000 $39 $36 $319 6.8% $2,617 $366 3.8
13 $3,170 2,769 $54 $36 $314 1.2% $2,629 $363 11.2

1 Installed consumer cost, annual repair cost, and annual maintenance cost for 11 SEER based on interpolated values.

Table 5.33   Summary of Rebuttable PBPs and Inputs for
Single Package Heat Pumps based on ARI Manufacturer Cost Data

Weighted-Avg of
Units Sold below

Effc’y

Installed Annual Annual Annual Annual Assumed Installed Annual Rebutt.

Effc’y Consumer Energy Repair Maint. Operating 2006 Consumer Operating Payback
Level Cost Use Cost Cost Expense Effc’y Cost Expense Period

SEER/HSPF 1998$ kWh/yr 1998$ 1998$ 1998$ Distr. 1998$ 1998$ years
10 / 6.8 $3,599 11,844 $42 $36 $974 64.2% - - -
11 / 7.1 $3,818 11,168 $43 $36 $923 13.6% $3,599 $974 4.3
12 / 7.4 $4,037 10,575 $43 $36 $877 22.2% $3,638 $965 4.6

13 / 7.7 $4,538 10,049 $68 $36 $862 0.0% $3,726 $946 9.7
14 / 8.0 $4,773 9,578 $74 $36 $832 0.0% $3,726 $946 9.2
15 / 8.2 $5,367 9,236 $91 $36 $822 0.0% $3,726 $946 13.2

Table 5.34   Summary of Rebuttable PBPs and Inputs for
Single Package Heat Pumps based on Reverse Engineering Manufacturer Cost Data

Weighted-Avg of
Units Sold below

Effc’y

Installed Annual Annual Annual Annual Assumed Installed Annual Rebutt.
Effc’y Consumer Energy Repair Maint. Operating 2006 Consumer Operating Payback

Level Cost Use Cost Cost Expense Effc’y Cost Expense Period
SEER/HSPF 1998$ kWh/yr 1998$ 1998$ 1998$ Distr. 1998$ 1998$ years

10 / 6.8 $3,599 11,844 $42 $36 $974 64.2% - - -
11 / 7.1 1 $3,728 11,168 $42 $36 $922 13.6% $3,599 $974 2.5
12 / 7.4 $3,856 10,575 $43 $36 $877 22.2% $3,622 $965 2.7

1 Installed consumer cost, annual repair cost, and annual maintenance cost for 11 SEER based on interpolated values.
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5.5 USER INSTRUCTIONS FOR SPREADSHEETS

It is possible to examine and reproduce the detailed results obtained in this part of the
analysis using a Microsoft Excel spreadsheet available on the U.S. Department of Energy Office of
Codes and Standards website at: http://www.eren.doe.gov/buildings/codes_standards/.  

There are currently two LCC spreadsheets; one for central air conditioners (lcc_cac.xls) and
another for heat pumps (lcc_hp.xls).  Each spreadsheet allows the user to perform LCC analyses of
either split or single package systems.  The user can also choose between two sets of manufacturer
costs; one based on data submitted by the Air Conditioning & Refrigeration Institute (ARI) and the
other based on data developed through a reverse engineering analysis (Rev Eng). To execute the
spreadsheets fully requires both Mircosoft Excel and Crystal Ball software.  Both applications are
commercially available.  Crystal ball is available at http://www.decisioneering.com.

The spreadsheets posted on the DOE website represent the latest versions of the applicable
models, and have been tested with both Excel 97 and Excel 95.  Each LCC spreadsheet or workbook
consists of the following worksheets:

LCC (Sample Calc) contains the input selections and a summary table of energy use,
operating costs, LCC and Payback.

   
LCC (Simulations) contains the input selections as in the LCC (Sample Calc) sheet.  If

Crystal Ball is running, the energy, cost, LCC, and payback data are
from the current sample.  If Crystal Ball has finished running, the
data are from the final sample.

Engineering (split ARI) contains the manufacturer costs submitted by ARI for split systems
at each efficiency level.  Also included are the manufacturer,
distributor, and dealer markups, the sales tax, the installation price,
and the repair and maintenance costs.

Engineering (split Rev Eng) contains the same data as Engineering (split ARI) with the
exception that the manufacturer costs are developed through reverse
engineering rather than by ARI.

Engineering (pack ARI) contains the same data as Engineering (split ARI) with the
exception that manufacturer costs are for single package rather than
split systems.

Engineering (pack Rev Eng) contains the same data as Engineering (pack ARI) with the
exception that manufacturer costs are developed through reverse
engineering rather than by ARI.
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Household Data for each sample household, contains average and marginal
electricity prices, annual space-cooling energy consumption (and
space-heating energy consumption for heat pumps), the station (i.e.,
geographic) location, the year the household was built, and the
equipment’s age index.

Energy Price contains projections of future energy prices from various sources.

SEER Dist contains historical shipment weighted efficiency data by year; this
is used for determining the probable SEER of existing space-
conditioning equipment based on age.

HSPF Dist contains historical shipment weighted efficiency data by year; this
is used for determining the probable HSPF of existing heat pump
based on age.  (This worksheet is included only in the LCC
spreadsheet for heat pumps (lcc_hp.xls)).

Seasonal Allocation Factors contains seasonal (i.e., summer and non-summer) allocation factors
of annual cooling (or heating) energy which indicate the fraction
used by season.  The seasonal allocation factors are based on the
age and the geographic location of the household.  The factors are
used for determining the annual marginal electricity rate.  Summer
and non-summer allocation factors are multiplied by summer and
non-summer marginal rates, respectively, and then summed to
arrive at the annual marginal rate.

drate dist  contains data from which an average discount rate and a distribution
of discount rates are determined.

Lifetime  contains the survival function for central air conditioners and heat
pumps and the average central air conditioner and heat pump
lifetime in years.

Setup this is used as an interface between user inputs and the rest of the
worksheets -- do not modify this sheet.

The following provides basic instructions for operating the LCC spreadsheets:

1. Once the LCC spreadsheets have been downloaded from the website, open either file
using Microsoft Excel.  At the bottom, click on the tab for either the worksheet LCC
(Sample Calc) or LCC (Simulations). 
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2. Use Microsoft Excel’s commands at the top View/Zoom to change the size of the
display to make it fit your monitor.

 
3. The user interacts with the spreadsheet by clicking choices or entering data using the

graphical interface that comes with the spreadsheet.   Choices can be selected from
the box labeled List Inputs on either of the two worksheets LCC (Sample Calc) or
LCC (Simulations).  A change in either worksheet also changes the other.    In the
box titled List Inputs  select choices from the selection boxes for (1) energy price
projection, (2) start year, (3) base case design, (4) standard case design, (5)
manufacturer cost data (ARI or Rev Eng), and (6) system type (split or single
package).  A new discount rate or lifetime can also be entered if a value other than
the default value or default distribution is wanted, however, this would change the
code and we do not recommend saving the spreadsheet after the code is changed.

4. To change assumptions on List Inputs click on the assumption you wish to change,
and click on the new assumption from the menu. 

5. This spreadsheet gives the user two methods of running the spreadsheet.  

a. If the LCC (Sample Calc) sheet is chosen, then all calculations are
performed for single input values, usually an average.  The new results are
shown on the same sheet as soon as the new values are entered.

b. Alternately, if the LCC (Simulations) sheet is used, the spreadsheet
generates results that are distributions.  Some of the inputs are also
distributions.  The results from the LCC distribution are shown as single
values and refer only to the results from the last Monte Carlo sample and are
therefore not meaningful.  To run the distribution version of the spreadsheet
the Microsoft Excel add-in software called Crystal Ball must be enabled.

To produce sensitivity results using Crystal Ball, simply select Run from the Run menu (on
the menu bar).  To make basic changes in the run sequence, including altering the number of trials,
select Run Preferences from the Run menu.  After each simulation run, the user needs to select
Reset (also from the Run menu) before Run can be selected again. Once Crystal Ball has completed
its run sequence it will produce a series of distributions.  Using the menu bars on the distribution
results it is possible to obtain further statistical information.  The time taken to complete a run
sequence can be reduced by minimizing the Crystal Ball window in Microsoft Excel.  A step by step
summary of the procedure for running a distribution analysis is outlined below:

1. Find the Crystal Ball toolbar (at top of screen)

2. Click on Run from the menu bar



f Because of the nature of the program, there is some variation in results due to random sampling when Monte
Carlo or Latin Hypercube sampling is used.
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3. Select Run Preferences and choose from the following choices:
a. Monte Carlof

b. Latin Hypercube (recommended)
c. Initial seed choices and whether you want it to be constant between runs
d. Select number of Monte Carlo Trials (we suggest 10,000).

4. To run the simulation, follow the following sequence (on the Crystal Ball toolbar)
Run
Reset
Run

5. Now wait until the program informs you that the simulation is completed.

The following instructions are provided to view the output generated by Crystal Ball.

1. After the simulation has finished, to see the distribution charts generated, click on the
Windows tab bar that is labeled Crystal Ball.

  
2. The life-cycle cost savings and payback periods are defined as Forecast  cells.  The

frequency charts display the results of the simulations, or trials, performed by Crystal
Ball.  Click on any chart to bring it into view.  The charts show the low and high
endpoints of the forecasts.  The View selection on the Crystal Ball toolbar can be
used to specify whether you want cumulative or frequency plots shown.

3. To calculate the probability of that LCC savings will occur, either type 0 in the box
by the right arrow, or move the arrow key with the cursor to 0 on the scale.  The
value in the Certainty box shows the likelihood that the LCC savings will occur.  To
calculate the certainty of payback period being below a certain number of years,
choose that value as the high endpoint.

4. To generate a printout report, select Create Report from the Run menu.  The toolbar
choice of Forecast Windows allows you to select the charts and statistics you are
interested in.  For further information on Crystal Ball outputs, please refer to
Understanding the Forecast Chart in the Crystal Ball manual.
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CHAPTER 6:  SHIPMENTS ANALYSIS

6.1 INTRODUCTION

Central air conditioner and heat pump (CAC-HP) shipment estimates are a necessary input
for  national energy savings calculations.

In this chapter we describe an accounting model for projecting annual CAC-HP shipments
that accounts for:

C Combined effects of price, operating cost, and income on annual U.S. shipments.
C Market segments (e.g., new housing, replacement decisions, and non-owners adding

a CAC-HP).
C Decisions to repair rather than replace.
C Age categories of CAC-HP.

All calculations are performed on a series of Microsoft Excel spreadsheets which are accessible over
the Internet.  Access to and basic instructions for the spreadsheets are discussed in section 6.5. 

6.1.1 Definition of Market Segments and Ownership Categories

The CAC-HP shipments model described herein segments both CAC-HP owners and CAC-
HP purchases into different categories.  The different types of CAC-HP owners (e.g. new housing,
regular CAC-HP owners, and non-owners) are faced with different types of CAC-HP purchase
decisions and purchase motivations. On the other hand, the different CAC-HP purchasers are
motivated to purchase a CAC-HP for different reasons. Because of these differences within
households and the CAC-HP market, we segment both markets and ownership into different
categories.  To the extent a model can portray the different behaviors and stock flows of the different
market segments, the better it portrays the reality of the CAC-HP market.  Additionally, by
disaggregating the market and utilizing specific known features of the different market segments,
the behavior of the model is constrained to match real market conditions and is more likely to behave
in ways consistent with actual market behavior. 

In this shipment forecast model, households are first divided into a Central Air-Conditioning
(CAC) market and a Heat Pump (HP) market.  Then, for both the CAC and HP markets, they are
further divided  into four different ownership categories, while consumer purchases of CAC-HP are
divided into five different market segments. The four CAC-HP ownership categories are: (1) new
housing, (2) existing housing with a regular CAC-HP, (3) housing without a CAC-HP, and (4)
housing with an extended life CAC-HP.  We refer to the population of CAC-HP in each ownership
category as the stock of CAC-HP of that category.
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Meanwhile the different types of CAC-HP purchases are divided into five separate market
segments as follows:

• Net New Housing Market: When there is a net increase in the housing stock, the increase
in the number of households will result in the purchase of new CAC-HPs.

• Early (Discretionary) Replacement Market: Even before a CAC-HP breaks down, about
29% of CAC-HP owners replace the existing CAC-HP because they want an updated
model, because of remodeling, or for other miscellaneous reasons. 

• Regular Replacement Market: Most CAC-HP purchases result from the replacement of
an existing CAC-HP that has broken down after the completion of its useful life. 

• Extra Repair Market: Under conditions of high costs for new CAC-HP a few consumers
will rebuild or repair a broken down CAC-HP (thus extending its lifetime) rather than
purchasing a new CAC-HP.  Eventually, even extended life CAC-HPs breakdown and
are replaced.

• Homes without a CAC-HP: A few households without a CAC-HP will purchase a CAC-
HP and become new CAC-HP owners. 

The ownership categories reflect the type of CAC-HP that a consumer has, while the markets
segments reflect the reasons for purchasing a new CAC-HP. 

The CAC-HP Shipments Model keeps track of the population of each type of CAC-HP and
CAC-HP purchase.  Events and consumer decisions influence how the stock and supply of CAC-HP
flow from one category to another.  Decisions which are economically influenced are modeled with
econometric equations.  

Figure 6.1 shows the detailed flow diagram for the CAC-HP Shipments Model. 
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Figure 6.1   Flow Diagram for CAC/HP Shipments Model

As depicted in Figure 6.1, households are faced with a series of decisions of whether or not
the current unit will be replaced, or whether a new unit will be purchased. The types of households
are illustrated with rectangles, and the decisions to which the households are subjected are indicated
by the arrows.  Each branch of a decision or event tree is illustrated with a diamond which has one
input arrow, and two output arrows.  The decisions to which each category of households (and their
CAC-HP unit) are subjected are described  below: 
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New households are those households which represent a net increase in housing stock (new
housing construction less housing stock removed from the market).  These households are faced with
the decision of whether or not to get a new CAC-HP with the house. 

For households with existing regular units, the first question is whether or not the current unit
is having operational problems (i.e. needs repair).  If the unit is without problems then the consumer
must decide if  he or she wants to purchase a unit for other discretionary reasons.   If the unit has
operational problems, then the consumer must decide if the unit is to be repaired or replaced.  If the
consumer makes an extra repair to avoid purchasing a new unit, then the model assumes that the
repair extends the unit lifetime by six years. 

For households without CAC-HPs a small fraction (at most a few percent) of consumers will
decide to become new CAC-HP owners in a given year.

Households with extended lifetime CAC-HPs are those households that have extended the
lifetime of their unit through an extra repair when the unit last broke down.  When the CAC-HP
breaks down yet again, the consumer will have to have it replaced..

In section 6.1.3 we review the economics durables sales forecasting literature; section 6.2
describes the details of the mathematical structure of the model, while section 6.3 discusses the
modeling of economic consumer decisions, and section 6.4 presents the model results. 

6.1.2 Shipment Model Features

We have incorporated a variety of features in the CAC-HP shipments model in order to
provide more detailed predications and accounting the forecasts. 

Detailed accounting of different market segments and CAC-HP ownership categories: The
model accounts for a variety of market dynamics including changes in repair behavior and
extending the life of CAC-HPs through extra repairs. 

Purchase price, operating cost, and income elasticities: The model includes consumer
responsiveness to purchase price, operating costs, and income. The elasticities are adapted from
shipments modeling efforts by Oak Ridge National Laboratory (ORNL) in the 1970's1.  

Incorporation of repair rates and early (discretionary) replacements: The current shipments
model utilizes data from a study on heat pump service life to establish both CAC-HP repair rates
and the proportion of early (discretionary) replacements2.

The purpose of the model is to provide the best estimates possible for future CAC-HP
shipments that are consistent with the recent history of CAC-HP shipments, and with current CAC-
HP market structure and consumer preferences. 
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6.1.3 Review  of Other Published Research

We performed a review of recent literature on forecasting purchases of consumer durables
in order to evaluate studies regarding price and features sensitivities and their application to long
term sales forecast models.  We report on eight relevant studies published from 1990 to the present.

In this literature, a standard measure of consumer sensitivity to features of the products and
the market is sales elasticity.  Elasticity is the parameter that relates the relative change in a feature
(such as price, P) to the relative change in sales.  For example:

∆ ∆S S P P= ⋅ε (6.1)

where ? S/S is the relative change in sales, ? P/P is the relative change in price, and g is the elasticity.
Elasticities are generally negative numbers ranging from 0 to -3.  A product which has an elasticity
-2 will experience a 2% drop in sales for a 1% increase in price.

According to the marketing and sales forecasting literature, consumer price response and
elasticity varies dramatically depending on the type of trade-offs being made, the time scale over
which sales variations are being measured, the type of durable being examined, and the stage of
development of the particular durables market in question. 

The greatest price sensitivity is observed when consumers are being asked to make trade-offs
between price, brand, and features in an unconstrained market where the consumer has the choice
of different brands and makes of product.  In this context, which is most relevant to marketing
decisions, the choice of from whom to buy a product is highly sensitive to the price being charged
by that particular manufacturer.  Price/features trade-offs are typically applied to set prices for
different product classes according to the over-all value that consumers place on other features
relative to price3.

In the long-term sales forecast literature, elasticities are much smaller than those observed
in short term sales or product choice applications. This reflects the difference between a long-term
perspective (whether to own a CAC-HP) and a short-term one (which unit to purchase and when to
buy).  Furthermore, durables undergo a time dependent price sensitivity as they go from introduction
to acceptance in the overall market4 5 6.  Research that examines the change in elasticities over time7

finds that  for clothes dryers and appliances that are deemed ‘necessities’ (i.e. have a high market
penetration) that ‘elasticities are either constant, not statistically different from zero, or decline
toward the later stages of the adoption life cycle’8.  These results are based on fitting models with
elasticity to historical data on shipments and sales of major appliances. 

Since the introduction of standards could potentially cause long term structural changes in
prices and features, we consider the results from the long term sales forecast literature most relevant
to the present CAC-HP shipments modeling effort. It is expected that elasticities will be smaller than
what is found when consumers are evaluating brand or features choices. 
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With the above said, the CAC-HP shipments forecast model relies on elasticities formulated
by Oak Ridge National Laboratory (ORNL) in the late1970's9.  Table 6.1 summarizes the purchase
price, operating cost, and income elasticities that were used in the CAC-HP shipments model.  Of
special note, the income elasticity listed below was actually developed from data on room air
conditioners.  The income elasticity developed by ORNL for CAC-HP (a value of 1.3) implies that
central air-conditioning is viewed as a luxury appliance by consumers.  Although this may have been
true at the time the CAC-HP income elasticity was developed (the 1970's), data from the Census
Bureau implies that CAC and HPs are no longer considered a luxury item as approximately 80% of
new construction in 1997 was built with a CAC or HP10.  This implication is consistent with the
conclusions of recent research showing that durables undergo a time dependent price sensitivity as
they go from introduction to acceptance in the overall market.  Because of the higher saturation of
CAC-HP in today’s housing stock, the lower income elasticity associated with room air conditioners
was used instead.

Table 6.1   Elasticities for CAC-HP Shipment Model
Type Elasticity

Purchase Price -0.7

Operating Cost -0.4

Income 0.6

6.2 METHOD

6.2.1 Definitions

The model is organized in terms of three classes of items:  Stocks, Events, and Decisions.
These different classes are defined as follows: 

6.2.1.1 Stock

A Stock is the number of households with a particular CAC-HP of a particular category.  The
main property of a stock is that it evolves over the course of the year by aging one year and by
increasing or decreasing in response to inflows and outflows produced by events and decisions.  The
four permanent stocks in the model are new households, households with CAC-HPs, the households
without CAC-HPs, and households with rebuilt or extended-life CAC-HPs.  In addition to the
permanent stocks, there are temporary stocks of CAC-HPs in need of repair, repaired CAC-HPs,
rebuilt CAC-HPs, and retired CAC-HPs.  All of the temporary stocks are allocated to one of the four
permanent stocks within the one year computational time step of the model.   



6-7

6.2.1.2 Events

Events are things that happen to a stock that can change the status of a portion of that stock,
but do not depend on economic conditions.  Events do not depend on market conditions, but are
dependent on the properties of the stock. The main event in the model is CAC-HP problem
development or breakdown.  For regular CAC-HP, whether or not a unit develops problems that
require a repair is an event.  For extended-life units, whether the unit suffers from a final breakdown
is another event. 

6.2.1.3 Decisions

Decisions  are consumer reactions to events and market conditions.  Decisions are described
in terms of probabilities that typically depend on the type of stock, the age of the CAC-HP, the
incremental cost of the decision, and market conditions.  The probability of two subsequent decisions
in the same year is equal to the product of the two individual decision probabilities.  The dependence
of decision probabilities on price and market conditions is given by a  standard econometric logit
equation:

ln
Prob

Prob
Price
Price1 0 0 0−





 = + ⋅





 + ⋅





 + ⋅





a b c

OC
OC

d
Income
Income

(6.2)

where Prob is the probability of the decision, and where the right hand side of the equation
represents the utility of the decision. The coefficients b, c, and d represent sensitivities that the
consumer has for the different aspects of the economic decision. The constant term a is an offset for
the utility which calibrates the utility to the value of the market share in a reference year.  Price0,
OC0, and Income0, are the values of the price, operating cost, and income in the reference year.
These coefficients (i.e., b, c, and d) are adapted from ORNL’s late-1970s modeling study regarding
household appliances. 

The details of model calibration and selection of parameters for the consumer decision model
are presented in Section 6.3.2 on the determination of logit equation coefficients.

6.2.2 Purchases from New Housing

6.2.2.1 Definition

Purchases from net new housing are defined as those purchases that arise from a net increase
in the total housing stock. 
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     New Houses

Purchase CAC/HP ?

Yes No

Buy New Join Houses
Unit without a CAC/HP

Figure 6.2 Decision tree for new housing
purchases. 

6.2.2.2 Approach

The decision tree shown in figure 6.2 illustrates the approach taken for modeling new
housing purchases.

Data is available for the market saturation of new households with CAC-HP units up to 1993
from the Residential Energy Consumption Survey (RECS).  This market share is projected into the
future using a logit probability of purchase equation as described in section 6.3. 

The equations for estimating the purchases from new housing are as follows:

New Homes New Homes StartsU EMS House= ⋅ ⋅Prob (6.3)

where:
UNew Homes =  New CAC or HP purchases for new homes,
ProbNew Homes = the probability of purchase of CACs or HPs for new homes,
HouseStarts = the housing starts, and
EMS = the eligible market share for either CAC or HP (64% for CAC and 36% for

HP; determination of values shown below).

For any given year, there are a certain number of homes which are demolished and removed
from the housing stock. Thus, there must be an accounting of the number of CAC-HP units which
have been removed from the equipment stock before they have reached the end of their useful life.
It is assumed that the number of CAC-HP units removed is equal to the number of housing
demolitions multiplied by the current stock saturation of CAC-HP.  The equations for estimating
housing demolitions and the number of CAC-HP units removed with the demolitions are as follows:

Demolitions Starts StockHouse House House= − ∆ (6.4)
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Demolitions Demolitions StockSaturationU House U= ⋅ (6.5)

where:
HouseDemolitions = Housing stock that is demolished,
? HouseStock = change in the housing stock,
UDemolitions = CAC or HP stock removed with demolished housing stock, and
UStock Saturation = CAC or HP stock saturation.

6.2.2.3 Current Assumptions

It is assumed that the relative size of the eligible markets for CAC and HP are in fixed
proportion (primarily due to the climate and geography).  We used the relative size of CAC and HP
market shares in new housing from 1981 to 1993 to determine this ratio.  Table 6.2 shows the new
housing saturations for CAC and HP as determined by RECS11 12 13 14 15.  RECS was conducted in
the years 1981, 1984, 1987, 1990, and 1993.  Thus, the saturation values for the remaining years are
interpolated values.  

Table 6.2   RECS new housing saturations for CAC-HP 
Year CAC new housing saturation HP new housing saturation

1981 40.6% 19.0%

1982 42.3% 20.4%

1983 44.0% 21.8%

1984 45.7% 23.2%

1985 45.0% 26.0%

1986 44.4% 28.9%

1987 43.7% 31.7%

1988 45.1% 30.0%

1989 46.6% 28.3%

1990 48.0% 26.2%

1991 50.5% 26.4%

1992 53.0% 26.3%

1993 55.5% 26.1%

Based on the above values in Table 6.2, the average CAC-to-HP market share (or saturation) is
approximately 1.8.  Thus, the eligible market share for CAC was assumed to be 64% (1.8 divided
by 2.8) and the eligible market share for HP was assumed to be 36% (1 divided by 2.8).
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Houses with CAC/HP

Are there problems? 

Yes No

Repair or Replace Unit
Replace Unit? Early?

Replace Repair Yes No
Buy New
Unit Regular or Buy New Keep Existing 

Extra Repair Unit Unit

  Extra      Regular

Extend Keep Existing 
Unit Life Unit

Figure 6.3 Decision tree for replacement and repair of regular CAC-HP
units in existing housing 

6.2.3 Existing Housing with a Regular CAC-HP

6.2.3.1 Definition

Existing housing with regular CAC-HP are those existing households that have a CAC-HP
unit, and whose unit has not had an extra repair that extends the life of the CAC-HP unit. 

6.2.3.2 Approach

The decisions involved with the replacement and repair of regular CAC-HPs in existing
housing are illustrated in Figure 6.3.  The figure shows that several decisions and events affect the
replacement of an existing CAC-HP with a new or used machine.

For a household with an existing CAC-HP unit, the first question is whether or not the unit
has problems and needs repair.  If the unit needs repair, the consumer will then decide whether to
repair the machine or replace it. If the machine is repaired, then the decision is evaluated to see if
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it is an ‘extra’ repair for a machine that under normal economic conditions would have been
replaced.  If it is an extra repair, then the CAC-HP is assumed to have its life extended by six years.

If the machine does not have any problems, the consumer still may replace the CAC-HP early
(before breakdown).  These discretionary purchases are referred to as early replacements.  According
to a 1987 heat pump survey data1 6 , about 29% of CAC-HP units are replaced early.  Table 6.3
provides the reasons from the survey for why heat pump owners replace their equipment.  The
percentage of early replacements (29%) are based on all reasons excluding ‘Unit Failure’ and ‘Don’t
Know/No Answer’.

Table 6.3   Reasons for Replacing Heat Pumps
Reason for Replacement Percentage of Respondents a

Unit Failure 55.6%

Efficiency Upgrade 8.6%

Service Problems 7.9%

Unit Aging 4.6%

Improved Comfort 4.6%

Maintenance Personnel 0.7%

Natural Disaster 0.7%

Advertising/Sales Promotion 0.0%

Other 2.0%

Don’t Know/No Answer 47.0%
a Multiple responses cause total to exceed 100%.

The decisions and events in the decision tree are modeled with probability functions.  We
therefore need four relative probability functions to model this purchase decision process:

1. The probability that an existing CAC-HP has a problem.
2. The probability of replacing, or repairing a machine as a function of age.
3. The probability of an early replacement of a machine without problems.
4. The probability that a CAC-HP is not replaced.

1.  The probability that an existing CAC-HP has a problem and needs repair is based on the
same 1987 heat pump survey that is used to estimate early replacements.  In the survey, data is
presented on the life of the original compressor17.  For purposes of this analysis, the survival function
of the original compressor is used to establish the probability that an existing CAC-HP has a problem
and needs repair.  Figure 6.4 shows the survival function of the original compressor.  It should be
noted that the 1987 heat pump survey established a survival function for the original compressor only
out to its median lifetime (14.5 years).  Linear extrapolation was used to determine the remaining
portion of the function.
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Figure 6.4 Probability Function that an existing CAC-HP has a
problem

2.  The probability of Repair vs. Replace (replace and retire are used interchangeably) is
subject to market variations and changes as described by a probability of purchase equation:

Repair vs. Retire
Needs Repair

Prob
Prob

Prob
( , )

( )
year age

Survival
=

−1
(6.6)

where:
ProbRepair vs. Retire(year, age) = Probability of repair vs. retire,
ProbNeeds Repair = probability of needing repair, and
ProbSurvival = probability of survival.

Again, the 1987 heat pump survey18 is used to establish the probability of a CAC-HP unit
needing repair.  The probability of survival is based on the survival function in the 1987 survey for
the total heat pump system.  Figure 6.5 shows the heat pump survival function.  It should be noted
that the 1987 heat pump survey established a survival function for the entire heat pump system only
out to its median lifetime (19 years).  Linear extrapolation was used to determine the remaining
portion of the function.
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Figure 6.5 Survival Probability Function for CAC-HP Units

The probability that a CAC-HP has a problem and needs repair was presented earlier (Figure 6.4).
Thus, as presented in equation 6.6, the probability function for determining whether to repair or
replace a CAC-HP units is based on the probability functions for needing repair (Figure 6.4) and
survival (Figure 6.5).

If more machines are being repaired instead of retired, the life of the repaired machine is
extended by six years.  In the model, this is done by moving the machine to the stock of extended
lifetime machines, and using a survival probability function for this stock which is shifted by six
years. 

3.  For the probability of early retirement, a simple linear function describes the relative
probability of a discretionary CAC-HP replacement over time.  This function is assumed to be zero
at age zero and to increase linearly with CAC-HP age.  The slope of this function is chosen so that
the relative proportion of discretionary replacements vs. all replacements in the model output is
consistent with the 1987 heat pump survey data discussed previously (i.e., 29% is 1987).  CAC-HP
purchases that result from a change of residence are not considered to be ‘replacements’.

Figure 6.6 shows the probabilities for the different decisions and events as a function of
CAC-HP age for the model calibration year of 1987.  For most of the age of the unit, the most likely
disposition of an existing CAC-HP is for it to be kept.  There is a significant probability of repairs
for much of the machine’s life.  Meanwhile, as the CAC-HP becomes old the likelihood of
replacement becomes dominant.  Throughout the units’ life, there is some probability of an early
replacement.  Though in any given year the probability of an early replacement may be small, the
cumulative effect of this small probability is approximately 29% of total CAC-HP sales.
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Figure 6.6 Relative Probability of Regular Replacement, Repair, Early
Replacement and No Action as a Function of CAC-HP Age
for 1987.

The equations describing the details of the disposition of the existing units are as follows:

Needs Repair Needs Repair StockProbU Uyear age year age year age( , ) ( , ) ( , )= ⋅ (6.7)

Retired Retire vs. Repair Needs RepairProbU Uyear age year age year age( , ) ( , ) ( , )= ⋅ (6.8)

Early Early

Stock Needs Repair

ProbU
U U

year age year age
year age year age

( , ) ( , )
( , ) ( , )][

=
⋅ − (6.9)

Xtra Repairs Retire vs. Repair

Retire vs. Repair

Prob Prob
Prob

( , ) ( , )

( , )

year age year age

age

=
− 1996

(6.10)

Xtra Repairs Xtra Repairs Needs Repair

Xtra Repairs Xtra Repairs

Prob
Prob

U U
U

year age year age year age
if else

( , ) ( , ) ( , )
(

= ⋅
> =0 0)

(6.11)

where:

UNeeds Repair (year, age) =  The number of regular units of a given age that need repairs
in a given year,
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ProbNeeds Repair (age) = the probability that a regular CAC-HP unit of a given age
needs repair (this function is independent of year),

UStock (year, age) = the number of regular units of a particular age in a given
year, 

URetired (year, age) = the number of regular units retired,
Prob Retire vs Repair (year, age) = the relative probability that a regular CAC-HP which needs

repair will be retired,
UEarly (year, age) = the number of CAC-HP units that are replaced early,
ProbEarly (year, age) = the probability that a CAC-HP will be replaced early,  
ProbXtra Repairs (year, age) = the probability that a CAC-HP that needs repair received

extra repairs that extended its lifetime, and
UXtra Repairs (year, age) = the number of regular CAC-HPs that received lifetime-

extending repairs. 

6.2.3.3 Current Assumptions

There are several important assumptions made in modeling the replacement and repair of
existing units.  These include:

• The needs-repair (or problems) probability function is independent in time.  We also
assumed that when compressor breaks down is when unit needs repair.  To reiterate,
this probability function is based on the survival function of the original compressor
as established by the 1987 heat pump survey.

• When a machine breaks down, it is either repaired or replaced.

• All early replacements result in the purchase of a new machine.

• If a greater proportion of machines with problems obtain repairs in the future than
they did in 1996, then the additional population of repaired machines have an
extended lifetime which is six years greater than the regular CAC-HP lifetime. 

• For machines that do not experience problems, the relative probability of an early
replacement is zero for a new machine and increases linearly with CAC-HP age.

6.2.4 Households without a CAC-HP

6.2.4.1 Definition

Households without CAC-HP units are those households that do not have a CAC-HP within
the residence, and who are members of the respective eligible market. For CAC, this is the number
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No

Buy New Remain without 
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Figure 6.7 Decision tree for housing
without CAC-HP

of households who might have CAC (approximately 64% of the total housing stock) minus the
number of households who do have CAC.  For HP, it is equivalent: the number of households that
might purchase a heat pump (approximately 36% of total housing stock) minus the number
households with heat pumps. 

6.2.4.2 Approach

The approach taken to model purchase decisions by households without CAC-HPs is shown
in Figure 6.7.  The household has only one decision: whether or not it is going to purchase a unit.

  
For this, we just assume an annual probability of purchase (relatively small) which varies according
to the economic probability of purchase model. 

The relatively simple dynamics of the decision by a non-owner household deciding to buy
a unit is described by one equation:

No CAC HP to CAC HP No CAC HP to CAC HP

No CAC HP stock

U year year
year

− − − −

−

=
⋅

( ) ( )
( )

Prob
House (6.12)

where:
U No CAC-HP to CAC-HP (year) = The number of non-owner households that purchase CAC-

HP units in a given year,
Prob No CAC-HP to CAC-HP (year) = the probability that a non-owner household will purchase a

CAC-HP in a given year, and
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House No CAC-HP Stock (year) = the number of non-owner households in a given year. 

And the number of non-owner households is calculated from the existing housing stock and the
number of CAC-HP owners as described in the following equation: 

No CAC HP stock stock stockHouse EMS Houseyear year U year− = ∑⋅ −( ) ( ) ( ) (6.13)

where:
EMS = The eligible market share for either CAC or HP (64% and 36% respectively).  

6.2.4.3 Current Assumptions

The probability that a non-owner household will purchase a CAC-HP in a given year is based
on data from the Air Conditioning, Heating, and Refrigeration (ACHR) News.  For both the CAC
and HP markets, the ACHR News estimates that 14% of shipments in 1992 went to the “add-on”
market (“add-ons” being non-owner households)1 9 .  The 14% value was used as calibration point to
estimate the non-owner household purchases in future years.

As with new housing, it is assumed that the relative size of the eligible markets for CAC and
HP are in fixed proportion (primarily due to the climate and geography).  We used the relative size
of CAC and HP market shares from 1981 to 1993 for new construction (64% for CAC and 36% for
HP) to determine this ratio.

6.2.5 Housing with an Extended-Life CAC-HP

6.2.5.1 Definition

These households have CAC-HP units that have received more repairs than what was normal
in the reference year of 1996.  It is therefore assumed that the lifetime of these CAC-HPs has been
extended by these extra repairs.  

6.2.5.2 Approach

The input of this particular stock of CAC-HPs comes from regular CAC-HP households that
have made extra repairs on their equipment. Once an extra repair has been made, it is assumed that
no more repairs will be made after the next machine breakdown.  
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Houses with Extended Life Units

Are there problems? 
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Figure 6.8 Decision tree for housing with
extended life units
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Figure 6.9   Survival probability function for extended life units

Figure 6.8 illustrates the decision tree for the stock of extended-life CAC-HP units.  Note that
these CAC-HP units are already quite old because they are regular CAC-HPs that have received extra
repairs near breakdown.  The main event in this decision tree is whether or not the machine has
problems.  This probability function is just a shifted version of the survival probability function for
regular CAC-HPs and is illustrated in Figure 6.9. 

In terms of equations, the dynamics of the extended-life CAC-HPs can be described as
follows: First the retirement of the CAC-HPs is calculated simply with the retirement (replacement)
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probability function (shown in Figure 6.9). 

Retired XR RetireProbUXR UXRyear age age year ageStock( , ) ( ) ( , )= ⋅ (6.14)

Then the stock accounting is done such that the change in stock is the number of regular
CAC-HPs that get extra repairs minus the stock that is returned: 

Stock Stock

Retired

Xtra Repairs

UXR UXR
UXR
U

year age year age
year age
year age

( , ) ( , )
( , )
( , )

=
−

− −
− −

+ − −

1 1
1 1
1 1

(6.15)

where:
UXR Retired (year, age) = The number of extended-life CAC-HP units of a particular age

retired in a given year,
Prob XR Retire(age) = the probability that an extended-life CAC-HP of a given age will

be replaced or retired (based on the extended survival function in
Figure 6.9),

UXR Stock(year, age) = the number of extended-life CAC-HP units of a given age in a
given year, and 

U Xtra Repairs (year, age) = the number of regular CAC-HP units of a particular age that
received extra repairs in a given year. 

6.2.5.3 Current Assumptions

There are several assumption of the extended-life CAC-HP modeling.  These include: (1)
Extended life CAC-HPs are never repaired again; (2) The extended-life CAC-HPs have a lifetime
that is six years greater than that of the regular units; and (3) The retirement probability function is
independent of time.

6.2.6 Accounting Equations

For conducting the shipment forecasts, we specify a series of equations that define the
dynamics and accounting of the different types of CAC-HP stocks.  For new housing the equation
describing the stock of new housing is trivial.  The stock of new housing is the number of housing
starts.

Meanwhile the most complicated accounting equation is that which describes the accounting
of the existing stock of regular CAC-HP units.
 

For the stock of regular CAC-HP units we have two equations which describe  the accounting
of the population.  The first equation says that the number of one-year old units is simply equal to
the number of new CAC-HP units purchased the previous year:
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stock NewU Uyear age year( , ) ( )= −=1 1 (6.16)

Meanwhile the next equation describes the accounting for CAC-HPs of the different, older age
categories:

( )[ ]Stock Stock Demolitions Stock

Stock

Early

U U U U
U U
U U

year age year year
year age year age
year age year age

( , ) ( ) ( )
( , ) ( , )
( , ) ( , )

[
]

= ∑ ∑ ⋅− − −
− − − − − −
− − − − −

1 1
1 1 1 1
1 1 1 1

Retired

Xtra Repairs

(6.17)

where:
year = The year that the stock is being estimated,
U Stock (year, age) = the population of regular CAC-HP in existing housing of a

particular age, 
U New (year) = The number of CAC-HP purchases in a particular year,
U Retired(year, age) = the number of regular CAC-HP units from a particular age

category that were replaced in a given year because of problems
that had occurred,

U Early (year, age) = the number of regular CAC-HP units that are replaced early from
a particular age category in a given year for discretionary reasons,

UEarly(year) =  The total number of early replacements (of all age categories) of
regular CAC-HP units in a given year, and

U Xtra Repairs (year,age) = the number of regular CAC-HPs that have received lifetime-
extending repairs.  These washing machines get transferred to the
extended lifetime stock

Equation 6.17 indicates that the number of CAC-HP in a particular age category is equal to
the number of CAC-HPs in the younger age category of the previous year minus the number of CAC-
HP retired or replaced early.  

Then for the stock accounting for the extended life machines (those that have received  extra
repairs), we have the following:

Stock StockUXR UXR UXR
U

year age year age year age
year age

( , ) ( , ) ( , )
( , )

= − − − − −
+ − −

1 1 1 1
1 1

Retired

Xtra Repairs
(6.18)

where:
UXR Stock (year, age)  = The number of CAC-HP units in a given year of a given age

group that belong to the stock of machines that have received
extra repairs.  These extra repairs have extended the life of the
machine,

UXR Retired(year, age) = the number of machines of a particular age that are retired from
the extra repair stock in a given year, and
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U Xtra Repairs (year, age) = the number of regular CAC-HP units of a particular age in a given
year that receive repairs that extend the machine life in a given
year.

Equation 6.18 says that the stock of extended life CAC-HPs comes from regular CAC-HP
units which receive extra repairs when they break down. This stock then ages, and is removed as it
is retired due to additional repair problems. 

For the stock of households with no CAC-HP we simply have the following equation:

No CAC HP stock stock

stock stock

House EMS Houseyear year

U year UXR year
− =

∑ ∑
⋅

− −

( ) ( )

( ) ( )
(6.19)

where
House No CAC-HP Stock(year) = The stock of households who do not own CAC-HP,
HouseStock (year) = the total stock of housing in a given year,
U Stock(year) = the total stock of houses with regular CAC-HP of any age

category, and
UXR Stock(year) = the total stock of houses with extended life CAC-HP units of

any age category. 

Equation 6.20 says that number of non-owner households is the number of households minus the
number of regular CAC-HP owners minus the number of extended life CAC-HP owners.  

The CAC-HP purchase are related to changes in the different CAC-HP stocks as follows:

NewU U
UXR U
U U

year year age
year age year age

year year

( ) ( , )
( , ) ( , )

( ) ( )

Retired

Retired Early

No CAC- HP to CAC- HP New- New Homes

=
+ +
+ +

(6.20)

where:
U New (year) = The number of new CAC-HP purchases in a given year,
U No CAC-HP to CAC-HP (year) = the number of CAC-HP units purchased by non-owners in a

given year. 

In the rest of this report we will describe in more detail how this accounting approach is
implemented to forecast CAC-HP shipments.
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6.3 MODEL

In order to estimate the impact of standards-induced price and features changes it is necessary
to have a model which describes consumer decisions. 

6.3.1 Logit Probability of Purchase Model

6.3.1.1 Logit Equation

The mathematical building block for the modeling of consumer decision probabilities is the
logit probability of purchase model.  In this model, the probability of purchase depends on the utility
of the CAC-HP, Util, which depends on the attributes of the appliance.  This purchase probability
is constrained to be between 0 and 1, and relative changes in the probability of purchase are
proportional to changes in the utility of the appliance.  These theoretical requirements for the
decision probability function can be satisfied by requiring that the probability of purchase function
satisfies the following equation:

∂ ∂Prob
Prob Prob= ⋅ −Util ( )1 (6.21)

where Prob = decision probability, and MUtil is the differential change in utility which is a linear
function of the CAC-HP attribute variables.  The factor of (1-Prob) on the right hand side of the
equation enforces the condition that the probability of purchase never exceeds 1. 

We can solve the above equation for the probability function assuming a particular functional
form of the utility in terms of the attribute variables:

∂ ∂ ∂ ∂Util b c
OC
OC

d
Income
Income

= ⋅




 + ⋅





 + ⋅







Price
Price0 0 0

(6.22)

where the differential change in utility is equal to a linear function of differential changes in price,
operating savings and features changes.  Then we obtain:

ln
Prob

Prob
Price
Price

OC
OC

Income
Income1 0 0 0−





 = + ⋅





 + ⋅





 + ⋅





a b c d (6.23)

or

( ) ( ) ( )[ ]Prob
Price Price

=
+ − + ⋅ + ⋅ + ⋅

1

1 0 0 0
a b c OC OC d Income Incomee

(6.24)
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where a is a constant of integration determined by the values of the probability at initial market
conditions.  This can also be written as:

Prob =
+

Util

Util

e
e1

(6.25)

where:

Util a b c d= + ⋅




 + ⋅





 + ⋅







Price
Price

OC
OC

Income
Income0 0 0

The above equations thus define the logit probability of purchase model. 

6.3.1.2 Utility Coefficients and Elasticity

Once the form of the purchase probability function is defined, the next task is to estimate the
coefficients of the model from the available data.

In discussions of price sensitivity of the CAC-HP market, much of the technical literature
discusses variations in demand in terms of the purchase price elasticity. 

For a logit probability of purchase model, purchase price elasticity for a market segment
depends on two main parameters: (1) the initial probability of purchase, or likelihood of purchase,
of that market segment, and (2) the coefficient for price in the utility function.  Specifically:

( )
( ) ( )Purchase Price

Prob Price
Prob Price

Prob
Price

Prob
Price
Price

ε
∂ ∂ ∂

∂
= = = ⋅ − ⋅

ln
ln

b 1
0

(6.26)

The elasticity therefore decreases with increasing purchase probability, and is proportional to the
utility coefficient, b.  Note that elasticity describes changes in purchase behavior for small changes
about existing market conditions.   For large changes in prices and market conditions, elasticity will
not be constant. 

The fact that elasticity decreases with increasing purchase probability also helps explain the
observation in the long-term sales forecasting literature that elasticities for necessities decrease
towards zero as the durable reaches acceptance and market saturation. 

In the shipments model, we model purchase price impacts on consumer behavior in terms
of the probability function rather than in terms of a simple elasticity value.  This is done so that the
impact of large price changes can be properly modeled.  When price changes, the purchase
probability changes, and so does the elasticity.  A full non-linear description of purchase probability
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variations is a more accurate approach for modeling economic decisions. 

Similar to purchase price, operating cost and income elasticities for a market segment depend
on (1) the initial probability of purchase, or likelihood of purchase, of that market segment, and (2)
the coefficient for operating cost or income in the utility function.  Specifically:

( )
( ) ( )OperatingCost

Prob OC
Prob OC

Prob
Prob

OC
OC

ε
∂ ∂ ∂

∂
= = = ⋅ − ⋅

ln
ln OC

c 1
0

(6.27)

and
( )

( ) ( )Income

Prob Income
Prob Income

Prob
Prob

Income
Income

ε
∂ ∂ ∂

∂
= = = ⋅ − ⋅

ln
ln Income

d 1
0

(6.28)

The operating cost and income elasticities therefore decrease with increasing purchase probability,
and are proportional to the coefficients, c and d, respectively.  

As with the purchase price, the shipments model models operating cost and income impacts
on consumer behavior in terms of the probability function rather than in terms of a simple elasticity
value.  This is done so that the impact of large operating cost and income changes can be properly
modeled.  When operating cost and income changes, the purchase probability changes, and so does
the elasticity.  A full non-linear description of purchase probability variations is a more accurate
approach for modeling economic decisions. 

6.3.2 Determination of Logit Equation Coefficients

Based on the use of the above equations, the logit equation (or utility) coefficients (b, c, and
d) and constants of integration (a) are determined for each of the CAC-HP market segments.  As
outlined in Section 6.1.1, the market segments for CAC-HP are: (1) net new housing, (2) early
(discretionary) replacements, (3) regular replacements and extra repairs, and (4) homes without a
CAC-HP.  

In order to determine the logit equation coefficients for each of the market segments,
elasticities are required for each market for a particular reference year.  The same purchase price,
operating cost, and income elasticities were assumed for all the market segments.  As stated earlier
in Section 6.1.3, all the elasticities were based on research conducted by Oak Ridge National
Laboratory (ORNL) in the 1970's.  The elasticities are repeated below in Table 6.4.
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Table 6.4   Elasticities for CAC-HP Shipment Model
Type Elasticity

Purchase Price -0.7

Operating Cost -0.4

Income 0.6

6.3.2.1 Coefficients for New Housing

For the new housing market, the purchase price, operating cost, income elasticities listed in
Table 6.4, were assumed to represent consumer behavior in 1981.  Knowing the market share
(probability) of CAC-HP equipment in new housing for the year 1981 allows for the determination
of the logit equation coefficients by applying Eqns. 6.26 to 6.28

As listed earlier in Table 6.2, the market share (saturation) of CAC and HP equipment in
1981 according to the 1981 Residential Energy Consumption Survey is 40.6% and 19.0%,
respectively.  Using the eligible market shares for CAC and HP systems (64% for CAC and 36% for
HP), the 1981 CAC and HP market shares relative to the eligible market are 63.4% and 52.8%,
respectively.   Substituting the relative market share values and the elasticities into Eqns. 6.26
through 6.28 and noting that the terms Price/Price0, OC/OC0, and Income/Income0 are equal to one
in the reference year (1981), the following coefficients are calculated for CAC:

CAC NewHomesb =
−

=
−

−
= −Purchase Price

Prob
ε
( )

.
( . )

.
1

0 7
1 0 634

191

CACNew Homesc =
−

=
−

−
= −OpeatingCost

Prob
ε
( )

.
( . )

.
1

0 4
1 0 634

109

CAC New Homesd =
−

=
−

=Income

Prob
ε

( )
.

( . )
.

1
06

1 0634
164

Using the same equations, the following coefficients are determined for HP:

HP NewHomesb =
−

=
−

−
= −Purchase Price

Prob
ε
( )

.
( . )

.
1

0 7
1 0 528

148

HP NewHomesc =
−

=
−

−
= −Opeating Cost

Prob
ε
( )

.
( . )

.
1

04
1 0528

085
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HP NewHomesd =
−

=
−

=Income

Prob
ε

( )
.

( . )
.

1
0 6

1 0528
127

Because data are available for a more recent year (1993), the constants of integration (a) for
CAC and HP are determined at the new housing market conditions in 1993.  Based on the 1993
Residential Energy Consumption Survey, the market share of CAC and HP equipment in 1993 are
55.5% and 26.1%, respectively.  Using the eligible market shares for CAC and HP systems (64% for
CAC and 36% for HP), the 1993 CAC and HP market shares relative to the eligible market are
86.7% and 72.5%, respectively.  Substituting the relative market share values and the above logit
equation coefficients (b, c, and d) into Eqn. 6.23 and noting that the terms Price/Price0, OC/OC0, and
Income/Income0 are equal to one in the reference year (1993), the following constant of integration
is calculated for CAC:

CAC New Homesa b c d=
−





 − − − =

−




 + + − =ln ln . . . .

Prob
Prob1

191 109 164 324
0.867

1 0.867

Using the same equation, the following constant is determined for HP:

HP NewHomesa b c d=
−





 − − − =

−




 + + − =ln ln . . . .

Prob
Prob1

148 085 127 2 03
0.725

1 0.725

6.3.2.2 Coefficients for Early Replacements

For the early replacement market, the purchase price, operating cost, income elasticities listed
in Table 6.4, were assumed to represent consumer behavior in 1987. 

As provided previously, the CAC-HP market share of early replacements (i.e., the percentage
of shipments) in 1987 is 29%.  Since the market share of early replacements is the same for both the
CAC and HP markets, the logit equation coefficients will be identical.  Substituting the market share
value and the elasticities into Eqns. 6.26 through 6.28 and noting that the terms Price/Price0,
OC/OC0, and Income/Income0 are equal to one in the reference year (1987), the following
coefficients are calculated for both CAC and HP:

Earlyb Replc
Purchase Price

Prob
=

−
=

−
−

= −
ε
( )
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( . )

.
1

0 7
1 0 29
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OpeatingCost
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−
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−
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= −
ε
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Age Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Central Air Conditioners
Relative Prob. of Replace 0.2% 0.4% 0.6% 0.8% 1.0% 1.2% 1.4% 1.6% 1.8% 2.1% 2.3% 2.5% 2.7% 2.9% 3.1% 3.3% 3.5% 3.7% 3.9% 4.1% 4.3% 4.5% 4.7% 4.9%
Constant a -5.48   -4.79   -4.38   -4.09   -3.86   -3.68   -3.52   -3.39   -3.27   -3.16   -3.06   -2.97   -2.89   -2.82   -2.74   -2.68   -2.62   -2.56   -2.50   -2.45   -2.40   -2.35   -2.30   -2.26   
Heat Pumps
Relative Prob. of Replace 0.1% 0.3% 0.4% 0.5% 0.6% 0.8% 0.9% 1.0% 1.2% 1.3% 1.4% 1.5% 1.7% 1.8% 1.9% 2.1% 2.2% 2.3% 2.4% 2.6% 2.7% 2.8% 3.0% 3.1%
Constant a -5.95   -5.26   -4.85   -4.56   -4.34   -4.15   -4.00   -3.86   -3.75   -3.64   -3.54   -3.45   -3.37   -3.30   -3.23   -3.16   -3.10   -3.04   -2.98   -2.93   -2.88   -2.83   -2.79   -2.74   

Table 6.5   Relative Probabilities and Constants of Integration for CAC-HP Early Replacement Market

Earlyd Replc
Income

Prob
=

−
=

−
=

ε
( )

.
( . )

.
1

0 6
1 029

0 85

As noted earlier, a simple linear function describes the relative probability of an early
(discretionary) CAC-HP replacement over time.  This function is assumed to be zero at age zero and
to increase linearly with CAC-HP age.  The slope of this function is chosen so that the relative
proportion of early (discretionary) replacements vs. all replacements in the model output is consistent
with early replacements of 29% in the year 1987.  As a result of using a linear probability to
determine early replacements, a constant of integration (a) must be determined for each age group
of equipment because the probability of replacement (i.e., the market share of replacements) changes
with equipment age.  Table 6.5 shows the relative probabilities of replacement for each CAC and
HP age group with their associated constants of integration.  The 24 age groups correspond to the
length of the survival function for CAC and HP equipment.  To reiterate, the probabilities of
replacement were determined by calibrating the linear probability function to yield replacements of
29% in 1987.

6.3.2.3 Coefficients for Regular Replacements

For the regular replacement market, the purchase price, operating cost, income elasticities
listed in Table 6.4, were assumed to represent consumer behavior in 1987. 

As provided previously, the CAC-HP market share of regular replacements is based upon the
probability of equipment needing repair and the probability of survival.  The relationship was
presented earlier and is repeated below.

Repair vs. Retire
Needs Repair

Prob
Prob

Prob
( , )

( )
year age

Survival
=

−1
where:

ProbRepair vs. Retire(year, age) = Probability of repair vs. retire,
ProbNeeds Repair = probability of needing repair, and
ProbSurvival = probability of survival.

The probability of needing repair is based upon the survival function of the original compressor
while the probability of survival is based upon the survival function of the entire CAC-HP system.
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(Both survival functions were presented in Section 6.2.3.)  Thus, the probability of replacing a CAC-
HP versus repairing it can be roughly approximated by the average rate of total system failure
divided by the sum of the average rates of total system and original compressor failure.  The average
rates of failure can be approximated by taking the inverse of the average compressor and total system
lifetimes.  The following expression represents the method for approximating the probability of
replacement.

repalce
system

system compressor

Life

Life Life

Prob =
+







1

1 1

From the total system and original compressor survival functions, the average total system and
original compressor lifetimes are 18.4 and 12.8 years, respectively.  These lifetime values yield a
probability of replacement of 41%.  For the year 1987, the probability of replacement (or the market
share of replacements for equipment needing repair) was assumed to be 41%.  Since the market share
of regular replacements is the same for both the CAC and HP markets, the logit equation coefficients
will be identical.  Substituting the market share value and the elasticities into Eqns. 6.26 through
6.28 and noting that the terms Price/Price0, OC/OC0, and Income/Income0 are equal to one in the
reference year (1987), the following coefficients are calculated for both CAC and HP:

Replc
Purchase Price

Prob
b =

−
=

−
−

= −
ε
( )

.
( . )

.
1

0 7
1 0 41

119

Replc
Opeating Cost

Prob
c =

−
=

−
−

= −
ε
( )

.
( . )

.
1

0 4
1 0 41

0 68

Replc
Income

Prob
d =

−
=

−
=

ε
( )

.
( . )

.
1

0 6
1 0 41

102

Because non-linear probability functions are being used to describe the replacement of CAC-
HP equipment, a constant of integration (a) must be determined for each age group of equipment
because the probability of replacement (i.e., the market share of replacements) changes with
equipment age.  Table 6.6 shows the relative probabilities of replacement for each CAC and HP age
group with their associated constants of integration.  The 24 age groups correspond to the length of
the survival function for CAC and HP equipment. 
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Age Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Relative Prob. Replc. vs. Repair 8.6% 8.2% 7.7% 7.2% 6.7% 6.1% 1.9% 29.4% 43.8% 54.8% 76.3% 75.5% 73.5% 70.7% 33.3% 20.2% 10.3% 9.1% 10.7% 13.4% 17.9% 26.3% 44.2% 100.0%
Constant a -1.52   -1.57   -1.63   -1.70   -1.79   -1.88   -3.11   -0.03   0.60   1.04   2.02   1.97   1.87   1.73   0.15   -0.52   -1.31   -1.46   -1.27   -1.02   -0.67   -0.18   0.61   80.85   

Table 6.6   Relative Probabilities and Constants of Integration for CAC-HP Replace vs. Repair Market

6.3.2.4 Coefficients for Households without a CAC-HP

For the housing market without CAC-HP, the purchase price, operating cost, income
elasticities listed in Table 6.4, were assumed to represent consumer behavior in 1992. 

For both the CAC and HP markets, the percentage of shipments in 1992 that went to homes
without a CAC or HP was 14%.  This translates into a 1992 annual purchase probability of 1.3% for
CAC and 0.4% for HP (i.e., 1.3% of all non-owner households purchased a CAC while 0.4% of non-
owner households purchased a HP in 1992).  Substituting the market share value and the elasticities
into Eqns. 6.26 through 6.28 and noting that the terms Price/Price0, OC/OC0, and Income/Income0

are equal to one in the reference year (1992), the following coefficients are calculated for CAC:

CAC Non Ownersb − =
−

=
−

−
= −Purchase Price

Prob
ε
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−
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1
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Using the same equations, the following coefficients are determined for HP:

HP Non Ownersb − =
−

=
−

−
= −Purchase Price

Prob
ε
( )

.
( . )

.
1

0 7
1 0 004

0 70

HP Non Ownersc − =
−

=
−

−
= −OpeatingCost

Prob
ε
( )

.
( . )

.
1

0 4
1 0 004

0 40

HP Non Ownersd − =
−

=
−

=Income

Prob
ε

( )
.

( . )
.

1
0 6

1 0 004
0 60

To determine the constant of integration, the non-owner market share values and the above
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logit equation coefficients (b, c, and d) are substituted into Eqn. 6.23. (Note that the terms
Price/Price0, OC/OC0, and Income/Income0  are equal to one in the reference year (1992).)  The
following constant of integration is calculated for CAC:

CAC Non Ownersa b c d− =
−





 − − − =

−




 + + − = −ln ln . . . .

Prob
Prob1

0 71 0 41 0 61 382
0.013

1 0.013

Using the same equation, the following constant is determined for HP:

HP Non Ownersa b c d− =
−





 − − − =

−




 + + − = −ln ln . . . .

Prob
Prob1

0 70 0 40 0 60 502
0.004

1 0.004

6.4 RESULTS

The model provides a rather detailed picture of possible standards impacts on purchases,
replacement, and repair of CAC-HP.  Figures 6.10 through 6.13 below show forecasted central air
conditioner and heat pump shipments to the year 2030 for standard levels from 11 SEER through
15 SEER and the base case.  Because shipments are dependent on equipment price, two sets of
shipments forecasts are shown; one based on the ARI manufacturer cost data and the other on the
reverse engineering manufacturer cost data. Historical data points are also provided to show how
closely the shipments models agree with historical data.  
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Figure 6.10 Central Air Conditioner Shipments Forecasts based on ARI costs
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Figure 6.11 Central Air Conditioner Shipments Forecasts based on Reverse
Engineering costs
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Figure 6.12 Heat Pump Shipments Forecasts based on ARI costs
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Figure 6.13 Heat Pump Shipments Forecasts based on Reverse Engineering
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Figure 6.14 Impacts of Increased Efficiency for the year 2006 and
Average Impacts over the period 2006 to 2030 for CAC
Sales and Shipments based on ARI Cost Data

6.4.1 Sales Impacts of Efficiency-Induced Price Changes

Figures 6.14 through 6.17 show the relative impacts on forecasted CAC and HP sales and
shipments of the different efficiency levels.  As with the shipments forecasts depicted in Figures 6.10
through 6.13,  two sets of impacts are shown; one based on the ARI manufacturer cost data and the
other on the reverse engineering manufacturer cost data.  In the figures, both the impacts at the year
the efficiency level is assumed to become effective (2006) and the average impacts over the forecast
period (2006 to 2030) are illustrated.  For all cases, sales and shipment impacts for the 11 SEER
efficiency level are well within 5% of the base case.  For both HP cases and the CAC case based on
reverse engineering cost data, sales and shipment impacts for the 12 SEER efficiency level are also
within 5% of the base case.  Larger sales and shipments impacts are forecast for all other efficiency
levels.  
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Figure 6.16 Impacts of Increased Efficiency for the year 2006 and
Average Impacts over the period 2006 to 2030 for HP
Sales and Shipments based on ARI Cost Data
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Figure 6.15 Impacts of Increased Efficiency for the year 2006 and
Average Impacts over the period 2006 to 2030 for CAC
Sales and Shipments based on Reverse Engineering
Cost Data
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Figure 6.17 Impacts of Increased Efficiency for the year 2006 and
Average Impacts over the period 2006 to 2030 for HP
Sales and Shipments based on Reverse Engineering
Cost Data

The biggest factor that influences the size of the potential standards-induced changes is the
actual installed consumer price increase that is induced by the standard.  If price increases are large,
the shipments volume decreases almost proportional to the price increase, but because the price
elasticity is less than one, price increases result in increased gross sales dollar volume.  The net
financial impact of these opposing effects is examined in more detail in the manufacturing impact
analysis. 

Some of the measures that consumers might take to avoid the purchase of a new higher-
priced CAC-HP keep them out of the market for only a relatively short period of time.  Therefore
there is some recovery from the initial shipments drop that might be seen in the year a new efficiency
level first takes effect.  It is forecasted that the long term average shipments drop is approximately
40% and 35% less for CAC and HP, respectively, than the drop which might be seen in the first year
that the efficiency level takes effect.

6.4.2 Impacts on Mean Age, Mean Lifetime, Early Replacements, and Total Repairs of CAC-
HP 

Figures 6.18 through 6.21 illustrate the estimated impacts on the mean age of CAC-HP, the
mean CAC-HP lifetime, the early replacement of CAC-HP, and the total volume of CAC-HP repairs.
These are average impacts over the time period of 2006 to 2030.  These four different measures of
CAC-HP retention measure different types of consumer reactions to higher potential CAC-HP prices.
Two sets of impacts are shown for CAC and HP; one based on the ARI manufacturer cost data and
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Figure 6.18 Average Relative Impacts on Mean Age, Mean Lifetime,
Early Replacements, and Total Repairs over the period
2006 to 2030 for CAC based on ARI Cost Data
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Figure 6.19 Average Relative Impacts on Mean Age, Mean Lifetime,
Early Replacements, and Total Repairs over the period
2006 to 2030 for CAC based on Reverse Engineering
Cost Data

the other on the reverse engineering manufacturer cost data.
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Figure 6.20 Average Relative Impacts on Mean Age, Mean Lifetime,
Early Replacements, and Total Repairs over the period
2006 to 2030 for HP based on ARI Cost Data
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Figure 6.21 Average Relative Impacts on Mean Age, Mean Lifetime,
Early Replacements, and Total Repairs over the period
2006 to 2030 for HP based on Reverse Engineering Cost
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The increase in repair rate measures the impact of consumers who perform an extra repair
on their CAC-HP rather than retire the machine.  As shown in Figures 6.18 through 6.21, such
repairs increase dramatically with increased efficiency.  This increase is primarily due to the
corresponding decrease in consumers that replace their machines early.  

The extended lifetime of CAC-HP reflects repairs that consumers might undertake to extend
the lifetime of CAC-HP.  Such extended repairs will have a delayed effect on the average lifetime
of a CAC-HP, and only a relatively small fraction of machines will receive such extended repairs.
An extra repair extends the life of a 18.4 year old machine by at most six years.  The most significant
impact of increased efficiency on lifetime is illustrated in Figure 6.18 for CAC based on ARI cost
data.  In this example, the 15 SEER efficiency level increases the mean lifetime by 10% or almost
two years.

The increase in mean age of a CAC-HP illustrates both the impacts of extra repairs and a
decrease in consumers replacing their systems early.  The proportion of older machines increases
slightly, and this results in a slight increase in the average age of machines.  Again, it takes several
years for extra repairs to have a significant impact on the CAC-HP age distribution, so the averaged
impact over the period is significantly smaller than the peak age increase which occurs several years
after implementation of the standard.  

6.5 USER INSTRUCTIONS FOR SPREADSHEETS

It is possible to examine and reproduce the detailed results obtained in this part of the
analysis using a Microsoft Excel spreadsheet available on the U.S. Department of Energy Office of
Codes and Standards website at: http://www.eren.doe.gov/buildings/codes_standards/.  

There are currently two Shipments spreadsheets; one for central air conditioners
(ship_cac.xls) and another for heat pumps (ship_hp.xls). Each spreadsheet allows the user to
generate shipments of either split or single package systems.  The user can also choose between two
sets of manufacturer costs; one based on data submitted by the Air Conditioning & Refrigeration
Institute (ARI) and the other based on data developed from a reverse engineering analysis (Rev Eng).

The spreadsheets posted on the DOE website represent the latest versions of the applicable
models, and have been tested with both Excel 97 and Excel 95.  Each Shipments spreadsheet or
workbook consists of the following worksheets:

Welcome The Welcome  sheet is the main user page.  It provides the list boxes where
a user can select a range of shipment forecast scenarios.  The user can
choose the standard level, the start year, and price option (either ARI or
Rev Eng).  Tables are  presented which summarize the impacts relative to
a baseline case  calculated with average values for the assumptions.  This
worksheet is protected to help the user avoid erroneous modifications.  The
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sheet can be unprotected by going to Tools –> Protection –> Unprotect
Sheet.

Inputs The Inputs sheet contains the detailed parametric inputs to the shipments
forecast model.  These inputs include the elasticities and initial market
shares for each of the market segments. The user can change the individual
model elasticities which are highlighted in yellow.  Note, that if one makes
changes in elasticities on the Input sheet, this likely will affect the
historical base case. The non-highlighted cells in this worksheet are
protected to help the user avoid erroneous modifications.  The sheet can be
unprotected by going to Tools –> Protection –> Unprotect Sheet.  Also
included on the Inputs sheet is a button in the upper right hand corner of the
worksheet called Calculate Shipments.  Once the user ‘clicks’ on the
Calculate Shipments button, the shipments spreadsheet automatically
forecasts the shipments for each standard level and saves the results to the
Shipment Summary worksheet.

Shipment Summary The Shipment Summary worksheet is used in conjunction with the
Calculate Shipments button on the Inputs worksheet.  The Shipment
Summary worksheet stores the shipments forecasts for each standard level
after the user ‘clicks’ on the Calculate Shipments button.

Shipment Forecast The Shipment Forecast worksheet provides the detailed estimates and
accounting of central air conditioner or heat pump populations.  This sheet
contains the core of the shipments calculation and the tables which specify
the estimates of each type of central air conditioner or heat pump purchase.
The tables in the sheet provide accounting of each type of central air
conditioner or heat pump ownership category, and each type of central air
conditioner or heat pump for each age category of central air conditioner or
heat pump.  The detailed equations that are used to calculate flow of central
air conditioner or heat pump stocks will be presented in a future Technical
Support Document (TSD).  The total numbers of central air conditioner or
heat pump sales of each category are tabulated in summary tables in the cell
range AM5 to AT88.

Energy Price This worksheet provides input data of the forecasted energy prices and
income. The prices that are used are average prices as described in the
Energy Information Administration’s Annual Energy Outlook (see URL
http://www.eia.doe.gov/oiaf/aeo99/homepage.html). 

MS New Homes Here we provide the market share calculation for the new housing market
based on the logit probability of purchase model.  A logit probability of
purchase model estimates how purchase probabilities change as a function
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of price, operating cost savings, and income changes. Details of the model
will be explained in a future Technical Support Document (TSD).

MS Early Replace Here we provide the market share calculation for the early replacement
market based on the logit probability of purchase model, and an initial
probability of purchase that is a linear function of central air conditioner or
heat pump age. 

MS non-owner This sheet provides the market share calculation for the non-owners who
purchase central air conditioners and heat pumps and become new
equipment owners.

MS Replace This worksheet calculates the probability of replacement vs. repair as a
function of economic decision parameters for each year.  The annual
probability of replacement is calculated for each age category of central air
conditioner or heat pump.

Retirement Function The worksheet shows the fraction of central air conditioners or heat pumps
that are expected to retire as a function of years since the central air
conditioner or heat pump was purchased new.  (Repairs may extend the life
of the equipment and are accounted for in the worksheet Shipment
Forecast.) 

The following provides basic instructions for operating the Shipments spreadsheets.

1. Once you have downloaded the shipments spreadsheet file from the Web, open the
file using Excel.  At the bottom, click on the tab for the Welcome  worksheet.  

2. The screen will display three tables (Average Impact 2006 to 2030, Impact at 2006,
and Specification of Standard)and one chart (Shipments of Central A/C or Heat
Pumps).  (Use Excel's View/Zoom commands to change the size of the display to
make it fit your monitor.) 

3. To run different scenarios or standards cases, simply choose the desired options in
the three list boxes which appear in the upper left of the worksheet.  Click on the
arrow on the right side of each box to see the options.  The first of the three boxes
can be used to choose the standard level.  The second box can be used to choose the
start year of the standard.  The third list box is used to choose the price option, i.e.,
whether to base the shipments forecast on ARI or reverse engineering manufacturer
cost data.

4. The spreadsheet is also designed so that the user can change the purchase price,
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operating cost, and income elasticities of the shipments forecast model.  The specific
values of the shipments model elasticities are in the Inputs worksheet.  Those
squares that represent elasticities are highlighted in yellow. The user may change
these elasticities in order to investigate different model sensitivities. 

The spreadsheets provide output in both charts, summary statistics, and tables.  General
output -- including a plot of the shipments forecast and tables summarizing potential standards
impacts -- are presented in the Welcome  worksheet.  Meanwhile the detailed tables of the different
types of shipments and the populations of different types of stocks for different equipment age
categories for each year are presented in the Shipment Forecast worksheet.
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CHAPTER 7:  NATIONAL IMPACTS ANALYSIS

7.1 INTRODUCTION

This chapter describes the method for estimating the quantity and value of future national
energy savings (NES) from possible standards.  The two metrics discussed in this chapter are:

• National Energy Savings, and
• Net Present Value (NPV) of National Energy Savings.

All calculations are performed on a series of Microsoft Excel spreadsheets which are accessible over
the Internet.  Basic outputs from the spreadsheet calculations are discussed in section 7.4.  A more
detailed set of results are available in Appendix E.  Access to and basic instructions for the
spreadsheets are discussed in section 7.5.  In addition, the methodology the Department will use to
determine net national employment impacts is discussed in section 7.6.

7.1.1 Methodology and Definitions

Among the important drivers of energy consumption of central air conditioners and heat
pumps are: (1) shipments of air conditioners and heat pumps, (2) how consumers respond to any
change in purchase price, operating expense, and household income, and (3) voluntary programs
promoting higher energy efficiency products.  

The number of air conditioners and heat pumps purchased in future years (shipments) and
the effect that purchase price, operating expense, and income has on these purchases are an important
component of any estimate of future energy savings.  Chapter 6 provides a detailed description of
the Shipments Models that are used to forecast future air conditioner and heat pump purchases.
Included in the discussion are detailed descriptions of consumers’ sensitivities to price, operating
expense, and income (otherwise known as elasticities) and how they are captured within the Models.
The reader is referred to Chapter 6 for more details regarding the Shipments Models. 

With regard to voluntary programs, they may increase the share of energy efficient products
prior to the implementation date of any new standards.  Information from parties involved in market-
based initiatives for increasing the sales of high-efficiency models were reviewed but provided no
quantifiable measure as to how these programs impact product efficiencies on a national basis1.
Thus, the impact of market-based initiatives were not explicitly incorporated into any shipments
forecast.

Preliminary results are also described here including: energy consumption, monetary value
of energy savings, increased purchase prices, and the net present value (difference between value of
energy savings and increased purchase prices).
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AEC STOCK UECV V= ∑ ⋅ (7.3)

NES AEC AECy base s dard= − tan (7.1)

NES NEScum y= ∑ (7.2)

7.2 NATIONAL ENERGY SAVINGS (NES)

7.2.1 NES Definition

This section provides the definition of national energy savings. 

National annual energy savings are calculated as the difference between two projections: a
base case (without new standards) and a standards case (Eqn 7.1).  Positive values of NES
correspond to energy savings, that is, energy consumption with standards is less than energy
consumption in the base case.

Cumulative energy savings are the sum over some period (e.g., 2006-2030) of the annual national
energy savings.

The national annual energy consumption is calculated according to the following equation:

For the above expressions, the following quantities are required:

AEC = Annual energy consumption each year (Quads), summed over
vintages of air conditioner or heat pump stocks, STOCKV.

NES = Annual national energy savings (Quads)

STOCKV = Stock of air conditioners or heat pumps (millions of units) of vintage
V surviving in the year for which annual energy consumption is being
calculated.  Vintages range from 1- to 24-years old.

UECV = Annual energy consumption per air conditioner or heat pump (kWh).
[NOTE: electricity consumption is converted from site energy (kWh)
to source energy (Quads) by applying a time dependent conversion
factor (Btu/kWh).  See discussion of Source Conversation Factor in
Section 7.2.2.3 below.] 

V = Year in which the air conditioner or heat pump was purchased as a
new unit.

y = year in the forecast (e.g., 2006-2030)
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AEC STOCK UECV V= ∑ ⋅

7.2.2 NES Inputs

This section provides information about the quantities and assumptions used to calculate
NES due to central air conditioner and heat pump standards.  For each quantity, the discussion
includes:

• definition;
• approach; and
• current assumptions.

The inputs into the NES are listed in Table 7.1 below.

Table 7.1  National Energy Saving Inputs
Input

National Annual Energy Consumption (AEC)

National Annual Energy Savings (NES)

Source conversion factor (src_conv)

Stock of air conditioners or heat pumps (STOCKV)

Annual Energy per Unit (UEC)

Shipments

7.2.2.1 National Annual Energy Consumption (AEC)

Definition
National energy consumption associated with residential central air conditioners and heat

pumps.  

Approach
National energy consumption is the product of energy consumption per air conditioner or heat

pump multiplied by the number of air conditioners or heat pumps of each vintage.  This approach
accounts for differences in unit energy consumption from year to year.  The calculation procedure
for determining the annual energy consumption of air conditioners and heat pumps was shown
previously in Eqn 7.3 and is repeated below. 

Current Assumptions
Energy consumption is calculated at the site (i.e., electricity in kWh consumed in the

household).  Primary energy consumption is calculated from site energy consumption by applying
a conversion factor to account for losses, such as those associated with the generation, transmission
and distribution of electricity.  See Section 7.2.2.3, Source Conversion Factor, below.
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NES AEC AECy base s dard= − tan

7.2.2.2 National Energy Savings (NES)

Definition
Energy savings attributable to the new standards.

Approach
As shown previously in Eqn 7.1, energy savings are calculated as the difference between

projected energy consumption in the base case (having no new standards) and the projected energy
consumption in the standards case.  The equation is repeated below.

Current Assumptions
Simple subtraction between two projections.

7.2.2.3 Source Conversion Factor

Definition
For electricity, this is the factor by which site kWh is multiplied to obtain primary (source)

Btu.  The source conversion factor accounts for losses in generation, transmission and distribution.

Approach
After calculating energy savings at the site, multiply those site energy savings by a

conversion factor to obtain primary energy consumption, usually expressed in Quads (quadrillion
Btu).  This conversion permits comparison across fuels by taking account of the heat content of
different fuels and the efficiency of different energy conversion processes.

Current Assumptions
The source conversion factor is applied to site electricity, to convert from site kWh to source

Btu.  This analysis assumes that the source conversion factor changes over time, and applies annual
values.  The annual values are the U.S. average conversion factors from the residential sector,
calculated from the 1999 Annual Energy Outlook (AEO) , Table A4 2.  Table 7.2 presents the average
conversion factors.
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Table 7.2   Site-to-Source Conversion Factors
Site-to-Source Conversion Factor

Year Btu/kWh
1995 11,003

1996 10,874
1997 10,935
1998 10,942
1999 10,929
2000 10,883

2001 10,865
2002 10,775
2003 10,681
2004 10,548
2005 10,458

2006 10,377
2007 10,329
2008 10,282
2009 10,251
2010 10,191

2011 10,119
2012 10,063
2013 10,001
2014 9,942
2015 9,869

2016 9,815
2017 9,766
2018 9,732
2019 9,713
2020 9,683

Future Assumptions
The U.S. Department of Energy (DOE) agrees with the recommendations of the Advisory

Committee on Appliance Energy Efficiency Standards that the assumption of a constant conversion
factor should be dropped in favor of a time series projection of conversion factors, changing from
year to year.  For future conversion factors, DOE proposes to use the following method:

1. Start with an integrated projection of electricity supply and demand (e.g., the
National Energy Modeling System (NEMS) Annual Energy Outlook reference case),
and extract the source energy consumption.  

2. Estimate projected energy savings due to possible standards for each year (e.g., using
the National Energy Savings (NES) spreadsheet model).
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3. Feed these energy savings back to NEMS as a new scenario, specifically a deviation
from the reference case, to obtain the corresponding source energy consumption. 

 
4. Obtain the difference in source energy consumption between this standard level

scenario and the reference case.

5. Divide the source energy savings in Btu, adjusted for class specific transmission and
distribution losses, by the site energy savings in kilowatt-hours to provide the time
series of conversion factors in Btu per kilowatt-hour.

Since NEMS can not adjust for class specific transmission losses, this information will come
from sources outside of NEMS.  For residential electricity customers, transmission losses might
consist of  about three percent (from site of generation to substation) and distribution losses may be
about seven percent (from substation to house).  For the above case, the conversion factor would be
the marginal plant heat rate times 1.10. 

The base conversions may be based on the maximum energy savings possible (e.g., 17 SEER
efficiency improvement) to avoid “noise” within NEMS.  At small differences in energy savings, the
accuracy within NEMS is less.  NEMS drops the least efficient power producers (cost wise) first,
which are not necessarily the least polluting power plants.

The resulting conversion factors will change over time, and will account for the displacement
of generating sources.  Furthermore, the NES spreadsheet models will include a clearly defined
column of conversion factors, one for each year of the projection.  DOE and stakeholders can
examine the effects of alternative assumptions by replacing this column of numbers.

7.2.2.4 Stock of Air Conditioners and Heat Pumps by Vintage (STOCKV)

Definition
Number of air conditioners or heat pumps purchased in a particular year that survive in a later

year.  The vintage is the age of the air conditioner or heat pump (1-year old up to 24-year old).

Approach
The NES spreadsheet models keep track of the number of air conditioners or heat pumps

purchased each year.  Air conditioners and heat pumps are assumed to have an increasing probability
of retiring as they age.  The probability of survival as a function of years since purchase is the
survival function.  The lifetime was based on a survey performed for the Electric Power Research
Institute of 2,184 heat pump installations in a seven-state region of the United States3.  

Current Assumption
For air conditioners and heat pumps, lifetimes range from 1 to 24 years, with an average of

18.4 years (see Chapter 5, Section 5.2.3.10, Lifetime).  The retirement or survival function is
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presented below in Figure 7.1.

7.2.2.5 Annual Energy per Unit (UEC)

Definition
Energy consumed per air conditioning or heat pump unit.

Approach
Average energy consumed per unit varies from year to year due to the change in the level of

efficiency of new units being shipped.  Two sources of data are used to arrive at the weighted-
average annual energy consumption of air conditioners and heat pumps shipped in a particular year.
The first source, the 1993 Residential Energy Consumption Survey (RECS), provides the average
annual energy consumption of stock air conditioners and heat pumps for the year 1993 based upon
the average efficiency of the vintage stock for that year (1993). The second data source, the Air
Conditioning and Refrigeration Institute (ARI), provides the shipment weighted-average efficiency
of new air conditioners and heat pumps shipped for a given year.  The average annual energy
consumption for central air conditioners shipped in a particular year is then obtained by:
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UEC UEC
SEER

SEER
UEC

HSPF
HSPFV RECS cool

RECS HP

V HP
RECS heat

RECS HP

V HP

= ⋅ + ⋅ (7.5)

Where,
UECV = weighted-average annual energy consumption of a central air conditioner

in a particular vintage year,
UECRECS  = weighted-average annual energy consumption of central air conditioners

based on those 1993 RECS stock households equipped with central air
conditioners,

SEERRECS CAC = weighted-average SEER of central air conditioners based on those 1993
RECS stock households equipped with central air conditioners, and 

SEERV CAC = shipment weighted-average SEER in a particular vintage year.

For heat pumps, the average annual energy consumption for units shipped in a particular year is
obtained by:

Where,
UECV = weighted-average annual energy consumption of a heat pump in a

particular vintage year,
UECRECS cool = weighted-average annual space-cooling energy consumption of heat pumps

based on those 1993 RECS stock households equipped with heat pumps,
SEERRECS HP = weighted-average SEER of heat pumps based on those 1993 RECS stock

households equipped with heat pumps,
SEERV = shipment weighted-average SEER of heat pumps in a particular vintage

year,
UECRECS heat = weighted-average annual space-heating energy consumption of heat pumps

based on those 1993 RECS stock households equipped with heat pumps,
HSPFRECS HP = weighted-average HSPF of heat pumps based on those 1993 RECS stock

households equipped with heat pumps, and
HSPFV = shipment weighted-average HSPF of heat pumps in a particular vintage

year.

Current Assumptions
Table 7.3 shows the weighted-average annual space-cooling and space-heating energy

consumption values from the 1993 RECS for households equipped with central air conditioners and
heat pumps.  Also included in Table 7.3 are the weighted-average SEER and HSPF values.  All these
values are more extensively described in Chapter 5 (see Chapter 5, Sections 5.2.3.1, Baseline Annual
Space-Cooling Energy Use and 5.2.3.3, Baseline Annual Space-Heating Energy Use).
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Table 7.3   Weighted-Average Annual Energy Use and Efficiencies from 1993 RECS
Value Central Air Conditioners Heat Pumps
Weighted-Avg Annual Space-Cooling Energy Use (kWh/yr) 2629 2987
Weighted-Avg Annual Space-Heating Energy Use (kWh/yr) - 4658

Weighted-Average SEER 8.58 8.72
Weighted-Average HSPF - 6.52

Table 7.4 shows the yearly historical shipment weighted efficiencies for central air
conditioners and heat pumps since 1976.  The shipment weighted SEER values are based on data
from ARI.  The shipment weighted HSPF values are based on both data from ARI and assumptions
regarding efficiency growth.   The shipment weighted efficiencies are more extensively described
in Chapter 5 (see Chapter 5, Sections 5.2.3.1, Baseline Annual Space-Cooling Energy Use and
5.2.3.3, Baseline Annual Space-Heating Energy Use).

Table 7.4   Historical Shipment Weighted-Average Efficiencies
Unitary Air Conditioners Unitary Heat Pumps

Year SEERa SEERa HSPF b

1976 7.03 6.87 5.66
1977 7.13 6.89 5.74
1978 7.34 7.24 5.83
1979 7.47 7.34 5.91
1980 7.55 7.51 6.00
1981 7.78 7.70 6.09
1982 8.31 7.79 6.18
1983 8.43 8.23 6.28
1984 8.66 8.45 6.37
1985 8.82 8.56 6.47
1986 8.87 8.70 6.56
1987 8.97 8.93 6.66
1988 9.11 9.13 6.81
1989 9.25 9.26 6.87
1990 9.31 9.46 6.98
1991 9.49 9.77 7.08
1992 10.46 10.60 7.19
1993 10.56 10.86 7.30
1994 10.61 10.94 7.30
1995 10.68 10.97 7.30
1996 10.68 11.00 7.30
1997 10.66 10.97 7.30

a For the years 1976 to 1980, values are shipment weighted EERs.
b 1987-1990: HSPFs are actual shipment weighted values from ARI shipments data; 1976-1986, 1990-1993:
HSPFs based on efficiency rate increase of 1.5%; 1994-1997: HSPFs assumed to remain constant.
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NPV PVS PVC= − (7.6)

PVS TotalOperating Cost Savings Discount Factory y= ∑ ⋅ (7.7)

PVC Total Equipment Cost Discount Factory y= ∑ ⋅ (7.8)

Future shipment weighted efficiencies for purposes of forecasting the national energy
consumption for the base case scenario are assumed to remain constant to the year 2030.   That is,
the shipment weighted efficiency of central air conditioners from the year 1998 to the year 2030 is
assumed to equal 10.66 SEER, while for heat pumps, the shipment weighted efficiencies for the
same time period are assumed to equal 10.97 SEER and 7.30 HSPF.  

For purposes of estimating the future national energy consumption due to a particular
standard level (i.e., the standards case), future shipment weighted efficiencies are assumed to equal
that of the particular standard level being analyzed.  For example, if a 12 SEER standard level is
being analyzed for central air conditioners, the shipment weighted efficiency for the year the standard
becomes effective (e.g., 2006) through the year 2030 is assumed to equal 12 SEER.  

7.2.2.6 Shipments

See Chapter 6 for an extensive discussion of how shipment forecasts for central air
conditioners and heat pump were conducted.

7.2.3 Preliminary Results

See section 7.4.

7.3 NET PRESENT VALUE (NPV)

7.3.1 NPV Definition

NPV is the value in the present time of a time series of costs and savings.  Net present value
is described by the equation:

Where,
PVS = present value of electricity savings and
PVC = present value of equipment costs including installation.

PVS and PVC are determined according to the following expressions:



a Referred to in the NES spreadsheets as Net Present Benefit.

b Referred to in the NES spreadsheet as Total Equipment Cost (discounted).
c Referred to in the NES spreadsheet as Total Energy Saving (discounted).
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Where,
y = years (from effective date of standard to the year when units purchased in 2030 retire)

The net present value is calculated from the projections of national expenditures for central
air conditioners and heat pumps, including purchase price (including equipment and installation
price) and operating costs (including electricity, repair, and maintenance costs).  Costs and savings
are calculated as the difference between a new standards case and a base case without those new
standards.  Future costs and savings are discounted to the present.

A discount factor is calculated from the discount rate and the number of years between the
“present” (year to which the sum is being discounted) and the year in which the costs and savings
occur.  The net present value is the sum over time of the discounted net savings.

Assumptions regarding NPV are contained in the terms PVC and PVS, which are discussed
below.  NPV is the value today of a future stream of savings less expenditures. 
  

7.3.2 NPV Inputs

This section provides information about the quantities and assumptions used to calculate
NPV due to central air conditioner and heat pump standards.  For each quantity, the discussion
includes:

• definition;
• approach; and
• current assumptions.

Table 7.5 summarizes the inputs to the NPV calculation. 

Table 7.5  Net Present Value Inputs
Input

Discount Factor
Net Present Value (NPV)a

Present Value of Costs (PVC)b

Present Value of Savings (PVS)c

Total Equipment Costy
Total Operating Cost Savingsy



d Used by DOE in previous rulemaking for the National Impact Analysis.  Higher and lower values can be used
as sensitivities (i.e., to bound a range of discount rates).

e Counting the reduction in energy consumption from a reduction in shipments as a savings would be incorrect.
If standards cause a decrease in shipments, then using the lower shipments in the standards case reduces the NPV
appropriately.  To illustrate with an extreme example, if standards cause shipments to be zero, then NPV is zero, no
matter what the shipments were in the base case.  Using the shipments from the standards case avoids miscounting any
reduction in shipments due to standards as a savings.  
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Discount Factor
Discout Rate year present year=

+ −

1
1( )( ) (7.9)

7.3.2.1 Discount Factor

Definition
The factor by which to multiply monetary values in one year, in order to determine the

present value in a different year.  Discount Factor is also described by the equation:

Approach
For example, to discount monetary values in the year 2000 to the value in year 1998

assuming a discount rate of 7% equals 1/(1.07)2 or 0.873.

Current Assumptions
The discount rate is assumed to be 7% reald.  The present year is defined to be 1998, for

consistency with the year in which the manufacturing cost data were collected.

7.3.2.2 Present Value of Costs (PVC)

Definition
Total equipment cost, discounted to the present, and summed over the time period (from

effective date of standards (2006) to the year 2030).

Approach
Costs are typically increases in purchase price (including both equipment and installation

price) associated with the higher energy efficiency of central air conditioners and heat pumps
purchased in the standards case compared to the base case.  Total Equipment Costs are calculated
as the difference in purchase price for new equipment purchased each year, multiplied by the
shipments in the standards casee.

Current Assumptions
The primary assumption made in calculating PVC lies in determining the discount factor to

be applied.  Here the discount factor is taken to be 7% (see also Section 7.3.2.1, Discount Factor,
above).  In addition, see Section 7.3.2.4, Total Equipment Cost, below.



f In the NES spreadsheet, Total Equipment Costs are expressed as a negative number (the difference between
the base case and the standards case) then summed with Total Operating Cost Savings (the difference between base case
and the standards case).
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7.3.2.3 Present Value of Savings (PVS)

Definition
Annual operating cost savings (difference between base case and standards case) discounted

to the present, and summed.

Approach
Savings are typically decreases in operating costs (including electricity, repair, and

maintenance) associated with the higher energy efficiency of central air conditioners and heat pumps
purchased in the standards case compared to the base case.  Total Operating Cost Savings is the
product of savings per unit times number of units of each vintage surviving in a particular year.
Equipment consume energy over their entire lifetime, in some cases including energy consumed after
year 2030.  

Net savings each year are calculated as the difference between Total Operating Cost Savings
and Total Equipment Costs.f  The savings are calculated over the life of the appliance, accounting
for the energy rates each year.  

Current Assumptions
As with PVC, the primary assumption made in calculating PVS lies in determining the

discount factor to be applied.  Here the discount factor is taken to be 7% (see also Section 7.3.2.1,
Discount Factor, above).  In addition, see Section 7.3.2.5, Total Operating Cost Savings, below.

7.3.2.4 Total Equipment Cost

Definition
Annual change in purchase price (difference between base case and standards case),

multiplied by shipments in the standards case.

Approach
Purchase price per central air conditioner or heat pump in the standards case is subtracted

from purchase price per central air conditioner or heat pump in the base case for one year.  The result
is multiplied by the projected shipments in that year.  

Current Assumptions
The purchase price includes both the equipment and installation price.  For purposes of

calculating the annual change in purchase price, mean equipment and installation prices are used.
Mean equipment prices are based on mean manufacturer costs (see Chapter 5, Sections 5.2.2.1,
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Baseline Manufacturer Cost and 5.2.2.2, Standard-Level Manufacturer Cost Multipliers) multiplied
by mean markup values and the mean sales tax (see Chapter 5, Sections 5.2.2.3, Manufacturer
Markup, 5.2.2.4, Distributor Markup, and 5.2.2.5, Dealer Markup, and Section 5.2.2.6, Sales Tax).
Installation prices are based on the mean values associated with the installation of split system and
single package central air conditioners ($1190) and split system and single package heat pumps
($2035) and are assumed not to vary with efficiency (see Chapter 5, Section 5.2.2.7, Installation
Cost).  Table 7.6 shows the resulting mean purchase prices (also known as total installed consumer
cost) for split system and single package central air conditioners and heat pumps by standard level.
Because two sets of manufacturer costs were developed based on ARI data submittals and a reverse
engineering approach, Table 7.6 shows two sets of mean purchase prices for each product class. 

Table 7.6   Mean Purchase Prices for Central Air Conditioners and Heat Pumps
Split A/C Package A/C Split HP Package HP

Std Level ARI  Rev Eng ARI Rev Eng ARI Rev Eng ARI  Rev Eng

SEER 1998$ 1998$ 1998$ 1998$ 1998$ 1998$ 1998$ 1998$

10 $2,236 $2,236 $2,607 $2,607 $3,668 $3,668 $3,599 $3,599

11 $2,403 $2,371 $2,876 - $3,831 $3,691 $3,818 -

12 $2,613 $2,502 $3,032 $2,798 $4,059 $3,831 $4,037 $3,856

13 $2,895 $2,671 $3,499 $3,170 $4,386 $4,236 $4,538 -

14 $3,313 $3,002 $3,839 - $4,712 $4,725 $4,773 -

15 $3,700 $3,234 $4,349 - $5,447 $5,087 $5,367 -

16 - $3,359 - - - $5,315 - -

17 - $3,523 - - - - - -

As part of the calculation of the annual change in purchase price, historical purchase prices
are determined for years dating back to 1976.  The mean purchase price corresponds to the shipment
weighted-average efficiency for that year (refer back to Section 7.2.2.5, Annual Energy per Unit
(UEC), Table 7.4).  For years in which the shipment weighted-average efficiency is lower than the
existing minimum efficiency (i.e. 10 SEER), the mean purchase is assumed to equal that of the
existing minimum efficiency equipment in 1998$ as reported in Table 7.6.  For years in which the
shipment weighted-average efficiency is between 10 and 11 SEER, linear interpolation is used to
derive the purchase price.  For any standard level being analyzed, Table 7.6 provides the
corresponding purchase price in 1998$.  

Assumptions regarding shipments and the development of shipments forecasts are
extensively discussed in Chapter 6.
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7.3.2.5 Total Operating Cost Savings

Definition
Annual national operating cost savings, calculated as the difference between total operating

cost in the base case minus total operating cost in the standards case.

Approach
Operating expense per central air conditioner or heat pump in the standards case is subtracted

from operating expense per central air conditioner or heat pump in the base case for one year.  The
result is multiplied by the projected shipments in that year.  Positive values are savings (e.g.,
operating costs in the standards case are lower than in the base case). 

Current Assumptions
As stated previously, operating costs consist of annual electricity, repair, and maintenance

costs.  For purposes of calculating the annual national operating cost savings, the mean annual
electricity, repair, and maintenance costs are used.  

Mean annual electricity costs for any given year are based upon the annual energy
consumption per central air conditioner or heat pump unit for that year (see Section 7.2.2.5, Annual
Energy per Unit (UEC)) multiplied by the associated energy price.  Marginal electricity prices rather
than average electricity prices are used in the calculation of the operating cost savings.  As
determined earlier, the mean or weighted-average annual marginal electricity price (for the year 1993
in 1993$) for central air conditioners is 8.68 ¢/kWh while the price for heat pumps is 7.94 ¢/kWh
(see Chapter 5, Section 5.2.3.6, Marginal Electricity Price).  This translates to prices of 8.87 ¢/kWh
and 8.12 ¢/kWh for central air conditioners and heat pumps, respectively, for the year 1998 in 1998$.
For future years beyond 1998 and to the year 2030, electricity price trends as forecasted in the 1999
AEO are used to estimate the marginal energy price for those years (see Chapter 5, Section 5.2.3.7,
Electricity Price Trend).

Mean annual repair and maintenance costs are reported in Chapter 7.  Since repair costs are
assumed to be a function of equipment price, these cosst vary with efficiency.  Maintenance costs
are assumed to remain constant (see Chapter 5, Sections 5.2.3.8, Repair Cost and 5.2.3.9,
Maintenance Cost).

Assumptions regarding shipments and the development of shipments forecasts are
extensively discussed in Chapter 6.

7.4 PRELIMINARY OUTPUT FOR NES AND NPV

The NES spreadsheets offer a range of possible outputs, all of which depend on the
assumptions used in deriving the results.  Table 7.7 summarizes the assumptions used in the NES
calculations for this analysis.  Most of the assumptions have been discussed earlier in Sections 7.2.2,



g EIA approves use of the names NEMS (National Energy Modeling System) only to describe an AEO version
of the model without any modification to code or data.  Since, in this work, there will be some minor code modifications,
the name NEMS-BRS is used to describe the model as used here.  Chapter 10 on the Utility Impact Analysis and
Chapter 11 on the Environmental Assessment provide more detail on NEMS-BRS.
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NES Inputs, and 7.3.2, NPV Inputs.

7.4.1 Assumptions

Table 7.7   NES Model Inputs and Assumptions
Parameter Data Description

Shipments Annual shipments from shipment model.

Effective Date of Standard 2006.

Total Installed Consumer Cost Weighted-average value for the baseline and each standard level.  From
life-cycle cost analysis.

Repair and Maintenance Costs Weighted-average values for the baseline and each standard level.
From life-cycle cost analysis.

Historical Efficiencies Shipment weighted efficiency data (SEER and HSPF) from the Air-
Conditioning and Refrigeration Institute for the years 1976-1997.

Future Efficiency Trend For the years 1998 to the assumed effective date of the new standard
(2006), shipment-weighted efficiencies are assumed to remain constant
at the shipment-weighed efficiency level in 1997.  For years beyond the
assumed effective date of the new standard, shipment-weighted
efficiencies are assumed to equal the new standard level.  

Unit Annual Energy Consumption Based on the weighted-average annual energy consumption and
efficiency from life-cycle cost analysis. To estimate the representative
annual energy consumption of a central air conditioner or heat pump for
any given year, the ratio of the RECS weighted-average efficiency to
the efficiency level in that year is multiplied by the RECS weighted-
average annual energy consumption.

Electricity Prices Based on the weighted-average marginal electricity price determined
from RECS93 in the life-cycle cost analysis.

Escalation of Electricity Prices 1999 EIA Annual Energy Outlook forecasts (to 2020) and extrapolation
from 2020 to 2030.

Electricity Site-to-Source Conversion Conversion varies yearly and is generated by DOE/EIA’s NEMS-BRSg

program (a time series conversion factor; includes electric generation
transmission and distribution losses).

Discount Rate 7% real.

Present Year Future expenses are discounted to year 1998. 



h NES and NPV results provided in this preliminary TSD are slightly different than those results posted on
DOE’s web site as of September 22, 1999.  The NES spreadsheet models available from DOE’s web site utilize different
site-to-source conversion factors and average marginal energy prices than provided in this Chapter. 
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7.4.2 National Energy Savings and Net Present Value from Possible Standards

Preliminary NES and NPV results from the NES spreadsheet models for standard levels 11
through 15 SEER are shown in Table 7.7 for split system air conditioners and heat pumps and Table
7.8 for single package air conditioners and heat pumps.h  Figures 7.2 and 7.3 and Figures 7.4 and 7.5
below show the NES and NPV results graphically for split systems and single package systems,
respecitvely.  Because NES and NPV are dependent on equipment price, two sets of results are
shown; one based on the ARI manufacturer cost data and the other on the reverse engineering
manufacturer cost data.  Results are cumulative to 2030 and are shown as absolute energy savings
and as the discounted value of these savings in dollar terms.  It should be reiterated that, currently,
the NES spreadsheet models use discrete point-values rather than a distribution of values for all
inputs.

Table 7.8   Split System Central Air Conditioners and Heat Pumps:
NES and NPV impacts from 2006 to 2030

Split Air Conditioners Split Heat Pumps

ARI Rev Eng ARI Rev Eng

Efficiency NES NPV NES NPV NES NPV NES NPV

SEER Quads billion 98$ Quads billion 98$ Quads billion 98$ Quads billion 98$

Base 24.33 - 24.32 - 27.76 - 27.75 -

11 0.71 -0.27 0.70 0.07 0.06 0.01 0.03 0.05

12 2.58 -2.75 2.51 -0.08 1.25 -0.58 1.12 0.46

13 4.28 -7.53 4.13 -1.84 2.87 -1.61 2.81 -1.49

14 5.76 -15.64 5.57 -8.37 4.25 -2.81 4.40 -4.34

15 6.97 -21.98 6.74 -12.08 5.77 -8.17 5.55 -6.23
1 Values for base case are the cumulative national energy consumption from 2006 to 2030.
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Figure 7.2   Split System AC and HP: Cumulative NES from 2006 to 2030
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Figure 7.3   Split System AC and HP: Cumulative NPV from 2006 to 2030
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Figure 7.4   Package AC and HP: Cumulative NES from 2006 to 2030

Table 7.9   Single Package Central Air Conditioners and Heat Pumps:
NES and NPV impacts from 2006 to 2030

Single Package Air Conditioners Single Package Heat Pumps

ARI Rev Eng ARI Rev Eng

Efficiency NES NPV NES NPV NES NPV NES NPV

SEER Quads billion 98$ Quads billion 98$ Quads billion 98$ Quads billion 98$

Base 3.83 - 3.83 - 4.66 - 4.66 -

11 0.11 -0.21 - - 0.01 0.00 - -

12 0.41 -0.34 0.40 0.22 0.21 -0.08 0.19 0.09

13 0.67 -1.94 0.65 -1.02 0.48 -0.57 - -

14 0.90 -2.84 - - 0.71 -0.60 - -

15 1.09 -4.29 - - 0.96 -1.26 - -
1 Values for base case are the cumulative national energy consumption from 2006 to 2030.
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Electricity Savings in Quads

   from 2006
   to 2010 0.14    
   to 2020 1.04    
   to 2030 2.51    

Table 7.10 NES for Split System AC based on a 12
SEER standard and Reverse Engineering
Cost Data
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Figure 7.5   Package AC and HP: Cumulative NPV from 2006 to 2030

To illustrate how the NES and NPV results are presented in the NES spreadsheet models,
Tables 7.10 and 7.11 and Figure 7.6 are provided for the case of a 12 SEER standard for split system
central air conditioners based on reverse engineering manufacturer cost data.  In this example, Table
7.10 shows the cumulative national electricity savings from the assumed effective date of the
standard (2006) to three specific dates; 2010, 2020, and 2030.  Table 7.11 presents the discounted
value of savings and costs to the year 1998 for the time period 2006 to 2030 (in billion 1998$).  The
value of total energy savings is $5.37 billion, the total equipment cost is $5.45 billion, and the
resulting net present value is -$0.08 billion.  The corresponding ratio of benefits to costs is 0.99 to
1.00.
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Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998
  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 5.37   
     Total Equipment Cost 5.45   
     Net Present Benefit -0.08   

     Benefit/Cost Ratio 0.99   

Table 7.11 NPV results for Split System AC based on
a 12 SEER standard and Reverse
Engineering Cost Data

Figure 7.6, below, illustrates the typical pattern of national savings and costs resulting from
standards over time.  The heavy line running just below the energy savings bars indicates the
undiscounted net national consumer impact of standards over time.  Figure 7.6 shows the nature of
net savings for a 12 SEER standard for split system central air conditioners based on reverse
engineering cost data relative to the baseline.  Alternate standard levels would yield different values.
Appendix E contains the detailed results for all standard level, manufacturer cost (ARI or reverse
engineering), and product class combinations.
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure 7.6 Net Present Annual Values of a 12 SEER standard for Split
System AC based on Reverse Engineering Cost Data

     

7.5 USER INSTRUCTIONS FOR SPREADSHEET

It is possible to examine and reproduce the detailed results obtained in this part of the
analysis using a Microsoft Excel spreadsheet available on the U.S. Department of Energy Office of
Codes and Standards website at: http://www.eren.doe.gov/buildings/codes_standards/.  

There are currently two NES spreadsheets; one for central air conditioners (nes_cac.xls) and
another for heat pumps (nes_hp.xls). Each spreadsheet allows the user to perform NES analyses of
either split or single package systems.  The user can also choose between two sets of manufacturer
costs; one based on data submitted by the Air Conditioning & Refrigeration Institute (ARI) and the
other based on data developed from a reverse engineering analysis (Rev Eng) conducted by Arthur
D. Little, Inc. (ADL).

The spreadsheets posted on the DOE website represent the latest versions of the applicable
models, and have been tested with both Excel 97 and Excel 95.  Each NES spreadsheet or workbook
consists of the following worksheets:
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Welcome This worksheet is the main user page.  It provides six list boxes that allow
the user to choose a range of scenarios, plus an additional input box
(highlighted in yellow) where the user can type in a desired input value
directly.  The five list boxes allow the user to choose the following: (1)
growth projection for energy prices, (2) the base case standard level, (3) the
standard case standard level,  (4) the standard start year, (5) the price option
(i.e., ARI or Rev Eng), and (6) the type of system (i.e., split or package) to
be analyzed.  The additional input box allows the user to change the
discount rate.  Different elements of the national energy savings are
illustrated, including total electricity savings, the dollar value of energy
savings, and the benefit/cost ratio for the standard case.

Base Case The Base Case worksheet calculates the base case energy use and monetary
costs (i.e., what is projected to happen in the absence of an efficiency
standard). The sheet contains the base case estimates of the population of
central air conditioners or heat pumps in each age category and in each
year.   It then uses this information to calculate the base case energy
consumption and operating cost.  It also computes the operating and
equipment costs for each year.

Standards Case Calculates the standard case energy use and monetary costs. The sheet
contains the estimates of the population of central air conditioners in each
age category and each forecast year for the standard case selected by the
user on the Welcome worksheet.  It then uses this information to calculate
the standard case energy consumption and operating cost.  It also computes
the operating and equipment costs for each year.

Engineering This worksheet contains the data on total installed prices and annual repair
and maintenance costs for central air conditioners or heat pumps meeting
different standard levels.  The data from this sheet are used to calculate the
per unit installation price and repair and maintenance cost for each standard
level.  Both split system and package system data are held in this
worksheet.  The type of system selected in the Welcome  worksheet dictates
which set of data are analyzed.

Energy Price Contains the tables that provide the energy price data for different energy
price projection scenarios.   These scenarios include the Annual Energy
Outlook (AEO) high-growth, low-growth and reference cases
(http://www.eia.doe.gov/oiaf/aeo99/homepage.html).  There is also an
option for constant energy prices, and an estimate from the Gas Research
Institute (GRI).
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Shipment Summary This worksheet provides the tables of the population of central air
conditioners or heat pumps (in millions of units) for each age group, for
each year, and for each standard level.  These populations of central air
conditioners or heat pumps are obtained from the central air conditioner
and heat pumps shipments models. The shipments forecast calculation
begins in 1953, so that any computational transients in the model can die
down by the time that forecasts are being made.  Because central air
conditioners and heat pumps can have lifetimes as long as 24 years,
purchases in the 1950's can effect sales behavior in the 1970's.   

Site2Srce The worksheet contains the conversion factors that describe how much of
the energy at the point of generation arrives at the point of use. These
conversion factors are necessary for converting savings at the point of use
to savings at the point of generation and distribution. 

Split to Package This worksheet contains the relative market share by year of split and
package systems.   The market share data here is multiplied by the total
shipments data held in the Shipment Summary worksheet to arrive at the
year-by-year shipments for split and package systems.  Shipments data from
the Air Conditioning & Refrigeration Institute (ARI) were used to establish
the relative split-to-package market share for the years 1976 through 1994.
For simplicity, it was assumed that relative market shares for years prior to
1976 were equal to the shares in 1976 while for years beyond 1994 shares
were assumed to remain constant to those in 1994. 

Setup This worksheet contains the data that represents the current scenario
selected in the Welcome  worksheet. These values change as the user selects
different scenarios to calculate.

The central air conditioner and heat pump NES spreadsheets provide an estimate of the
national energy and monetary savings of different air conditioner and heat pump efficiency standards.
The spreadsheets use estimates of future air conditioner or heat pump sales and stock from the
shipments models for the chosen standard level to estimate potential savings from the standard.  It
also calculates the dollar value of these savings year-by-year.  It estimates the amount of energy that
will be saved at the source by considering transmission and distribution losses.  It also calculates the
monetary savings that can result from a standard and the net present value of such savings. The
following provides basic instructions for operating the NES spreadsheets.

1. Once you have downloaded the NES files from the Web, open one of the files using
Excel.  At the bottom, click on the tab for the worksheet labeled Welcome .

2. The screen will display two tables (Electricity Savings in Quads and Cost and Net
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Present Values) and a chart (Cost and Savings of Central A/C or Heat Pumps
depending on which model is being used).  (Use Excel's View/Zoom commands to
change the size of the display to make it fit your monitor.)  

3. To run different scenarios or standards cases, simply select the energy price
projection, standard, the start year, the price option (either based on ARI or reverse
engineering manufacturer costs), and the type of system (either split or package) from
the appropriate list box.  The result will be calculated immediately.  

4. The user may also input values for the discount rate by directly typing the desired
values into the appropriate input box, highlighted in yellow. Again, after the value
is input (i.e., after you type the value and then hit <Enter>), the result will be
calculated immediately.  

The spreadsheets provide output as charts, summary statistics, and detailed tables.  Summary
figures and charts are provided on the Welcome  worksheet.  For each year from the standard start
date to 2030, the Costs and Savings of Central A/C or Heat Pumps chart shows the additional cost
(labeled Price Change) to consumers to purchase the higher efficiency central air conditioners or
heat pumps mandated by the standard, vs. the amount saved by consumers in reduced energy (labeled
Energy Saving).  The net saving to consumers is the difference between the money saved in energy
bills minus the additional money spent on higher efficiency space-conditioning equipment.  This net
saving is shown as a red line labeled Net Saving on this chart.

7.6 NET NATIONAL EMPLOYMENT IMPACTS

7.6.1 Introduction

Indirect impacts are defined as net jobs created or eliminated as a consequence of reduced
household spending on energy, and possibly increased spending on purchase price of appliances.
National impacts will be estimated for major sectors of the U.S. economy.  Public and commercially
available data sources will be utilized to estimate employment impacts.  Commercially available
software will be utilized.  At least three scenarios will be analyzed to bound the range of uncertainty
in future energy prices.  All methods and documentation will be made available for review.

New appliance standards are expected to reduce household expenditures for energy.  The
Indirect Employment Impacts analysis is intended to estimate national job creation or elimination
from possible standards, resulting from reallocation of the associated consumer expenditures for
purchasing and operating appliances. 
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7.6.2 Assumptions

Household expenditures for energy exceed $100 billion per year (not counting gasoline
consumption for transportation).  New appliance standards are expected to decrease energy
consumption, and therefore reduce household expenditures for energy.  The same standards may
increase the purchase price of appliances (retail price plus sales tax, and installation).  Over time, the
increased purchase price is paid back through energy savings.  The savings in energy expenditures
may be spent on other items.  Using an input/output model of the U.S. economy, this analysis seeks
to estimate the effects on different sectors, and the net impact on jobs.

A simple model might involve reduced expenditures for energy, but reallocation of that
money toward other expenditures.  Even savings of a few dollars per household per year, taken in
aggregate for the nation, may trigger some changes in employment.  While the creation of a new
industry is not anticipated, small increases in jobs in many sectors may occur at the same time that
decreases may occur for energy supply and appliance manufacturing employment.  This analysis is
intended to quantify the indirect employment impacts  from appliance standards (direct employment
impacts will be evaluated in the Manufacturer Impact Analysis).

7.6.3 Methodology

The existing structure of the economy from 1977 through 1994 has been derived from
publicly available data.  The Department of Energy’s Office of Building Technologies, State and
Community Programs has developed a spreadsheet model that focuses on those sectors most relevant
to buildings.  This software (IMBUILD) is a PC-based economic analysis system that characterizes
the interconnections among 35 sectors as national input-output structural matrices.  The model can
be applied to future time periods.  The IMBUILD output includes employment, industry output, and
wage income.  The impacts of new appliance standards as household energy savings (reduced energy
expenditures) and increased appliance purchase price will be estimated elsewhere (see “National
Energy Impacts”) and then those changes in expenditures will be introduced to IMBUILD as
perturbations on the existing economic flows.  The net national impact on jobs by sector will be
estimated.

For example, appliance standards could increase retail prices and reduce household energy
expenditures.  In the short term, this may reduce jobs in appliance manufacturing (for example,
Household Appliance sector) and energy supply (gas and electric utilities’ sectors), while increasing
expenditures on other consumer items, causing job creation in other sectors, especially over the
longer term.
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CHAPTER 8:  MANUFACTURER IMPACT ANALYSIS

8.1 INTRODUCTION

The manufacturer impact analysis (MIA) estimates the financial impact of standards on
manufacturers and calculates impacts on competition, employment, and manufacturing capacity. The
Department’s methodology for conducting the MIA for the central air conditioner rulemaking is
presented in detail in Chapter 2, Section 2.8. The MIA will be conducted in three phases:

C Phase 1 consists of two activities: preparation of an industry profile and
identification of manufacturer impact issues.

C Phase 2 focuses on the larger industry. In this phase, the Government Regulatory
Impact Model (GRIM) will be used to perform an industry cash flow analysis.

C Phase 3 involves repeating the process described in Phase 2 (the industry cash-flow
analysis) but on different sub-groups of manufacturers. Phase 3 also entails
calculating additional impacts on competition, employment, and manufacturing
capacity.

8.2 METHODOLOGY

8.2.1 Phase 1 – Industry Profile

We completed some aspects of Phase 1 as part of the Engineering Analysis including:

C conducting interviews of manufacturers, component suppliers, and other industry
participants

C collecting pertinent financial information from SEC 10-K reports
C estimating production costs and markups
C gathering market share information from industry publications

Phase 1 will continue after the publication of the ANOPR. First, we will collect or estimate
the remaining financial information required for the Phase 2 GRIM analysis including tax rates,
working capital, capital expenditures, and cost of capital. We will also develop product mix and
markup scenarios to represent possible industry futures. Second, we will conduct a second series of
manufacturer interviews to further explore the issues and potential impacts identified in the first
series of interviews. At the same time we will ask manufacturers to provide feedback on the
assumptions we intend to use in Phase 2.
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8.2.2 Phase 2 – Industry Cash Flow

Phase 2 will begin with the preparation of a “straw-GRIM”. The straw-GRIM presents
projected cash flows for the entire industry based on the assumptions we developed during Phase 1.
Manufacturers will have the opportunity prior to and during our interviews to review the straw-
GRIM assumptions and projections and to create their own scenarios. If they choose, manufacturers
may provide those scenarios to us for our consideration. Following the interviews, we will develop
a draft GRIM incorporating the insights gained during the industry review of the straw-GRIM. The
industry will be allowed to comment on the draft GRIM prior to our completion of the final GRIM
used as the basis for assessing industry cash flow impacts.

We expect the time allocated for interviews and development of the straw, draft, and final
GRIM versions to be three months.

Appendix E describes the GRIM in more detail.

8.2.3 Phase 3 – Sub-Group Analysis

The Sub-group Analysis assesses the potential impact on manufacturers that may be
disproportionally affected by new standards. The GRIM will again serve as the basis for the analysis,
although we will also encourage manufacturers to provide qualitative input. We will develop a
separate GRIM for each target sub-group based on a new set of assumptions and projections that are
consistent with the industry GRIM. The process of data gathering and review will be similar to that
of the industry GRIM and will occur concurrently.

The Department is seeking input as to which sub-groups, if any, it should consider.

Beside the Sub-group Analysis, Phase 3 assesses potential employment impacts and the
cumulative regulatory burden. We will project employment impacts in three ways: 1) shipment
projections and labor intensity from the reverse engineering analysis, 2) shipment projections and
labor costs from top-down industry analysis, and 3) manufacturer input. For cumulative regulatory
burden, we will identify other major regulations, both in-place and pending, that affect the industry,
quantify the financial impacts of each regulation, and describe the incidence of each regulation on
each manufacturer and on the industry as a whole.

Phase 3 also addresses the potential impacts of new standards on competition. We will pay
particular attention to the possibility that new standards may prompt one or more large manufacturers
to exit the market or to merge with a remaining manufacturer. We will assess this possibility through
the manufacturer interviews and the GRIM analysis. The Department of Justice will participate in
the development of our methodology and the analysis of our results.
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 Revenue(in thousands) 100.0%

 Cost of Sales/Services 80.2%

 SGA 17.9%

 EBIT 6.9%

 EBT 5.0%

 Net Income 2.6%
Source: SEC 10-K Reports

Table 8.1  Key Financial Ratios of Five Publicly
Held Air Conditioner Manufacturers (1993 -

1997)

8.3 RESULTS

8.3.1 Phase 1 – Industry Profile

Chapter 4 of this preliminary TSD presents many tables and figures that contribute to the
industry profile. These include:

Table 4.6 Production Cost Assumptions
Table 4.7 Reverse Engineering Manufacturing Cost Mean Results
Figure 4.5 Residential Unitary Equipment Market Shares
Table 4.9 Comparison of Reverse Engineering and ARI Relative Unitary Production

Costs
Table 4.14 Markups on Baseline Air Conditioners
Appendix A Detailed Production Costs

Furthermore, Table 8.1 provides the following five year averages for the industry:

Industry participants also identified several issues associated with new standards that we will
pursue further during Phase 1. They include:

C Commoditization of high-efficiency products
C International competition and export sales
C Timing of conversion to HCFC alternatives
C Constraints faced by niche products
C Recovery of and extent of conversion costs

Remaining Phase 1 results will be presented as part of the GRIM analysis report in the
Notification of Proposed Rule (NOPR) and the accompanying TSD. Preliminary results may be
available prior to publication of the NOPR.
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8.3.2 Phase 2 – Industry Cash Flow

The straw-GRIM is currently under development, so Phase 2 results are not yet available.
Results will be presented in the NOPR and accompanying TSD. Preliminary results may be available
prior to publication of the NOPR. The results will include:

C Projections of industry cash flows
C Projections of industry net present value

8.3.3 Phase 3 – Sub-Group Analysis

We have not yet begun to gather information that would allow us to convert the industry
GRIM into a sub-group GRIM. Phase 3 results will be presented in the NOPR and the accompanying
TSD. Preliminary results may be available prior to publication of the NOPR. The results will include,
but are not limited to:

C projections of sub-group cash flows
C projection of sub-group net present values
C employment impacts
C cumulative regulatory financial burdens
C impacts on export sales
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CHAPTER 9: COMPETITIVE IMPACT ANALYSIS

9.1 INTRODUCTION

Competitive Impact relates to any change in the concentration of market power due to the
effects of standards. New standards may alter industry competitiveness by favoring a company’s
proprietary technology or reinforcing its competitive advantage or by making it economically
unattractive for companies to remain in the marketplace at all or as separate entities. Any lessening
of competition can raise prices and negatively impact consumers. Both the Department of Energy
and the Department of Justice are interested in assessing any potential impact that a new standard
may have on competition.

The Framework (Chapter 2) separates the Competitive Impact Analysis from the
Manufacturer Impact Analysis. The two are closely related since the inputs to the Competitive
Impact analysis—financial impacts and consolidation scenarios—come directly from the MIA. In
fact, we have included a brief description of the Competitive Impact Analysis in Phase 3 of the MIA
(Chapter 8).

9.2 METHODOLOGY

During manufacturer interviews, we will ask manufacturers to describe likely competitive
responses to new standards, focusing specifically on whether any firms would likely enter or exit a
market, merge, or gain a significant competitive advantage. To the extent possible, we will explore
those scenarios with a GRIM analysis. However, since the GRIM cannot simulate changes in price
due to lessening of competition, we will not be able to assess impacts on consumers.

The Department of Justice will participate in the development of the MIA interview guide
to ensure that the questions regarding competition explore the issues that concern them.

9.3 RESULTS

The Competitive Impact Analysis will produce a qualitative and quantitative description of
the potential change in the strength and number of firms and the level of competition due to each
standard level, along with the likelihood of each scenario actually occurring. We will use GRIM
analysis to illustrate the mechanisms by which those impacts could occur.

The Notification of Proposed Rule and its accompanying Technical Support Document will
include the results of the Competitive Impact Assessment. If time permits, we will present
preliminary results to the industry and the public for review prior to publication of the NOPR.
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CHAPTER 10:  CONSUMER ANALYSIS

The consumer analysis evaluates impacts to any identifiable groups or consumers, such as
households of different income levels, who may be disproportionately affected by any national
energy efficiency standard level.  This will be accomplished in part by analyzing the life-cycle cost,
payback and  internal rate of return for those households that fall into any identifiable groups or
consumers. 

The Department plans to evaluate variations in regional energy prices, variations in energy
use, and variations in installation costs that might affect the net present value (NPV) of a standard
to consumer sub-populations. To the extent possible, the Department will obtain estimates of the
variability of each input parameter and consider this variability in its calculation of consumer
impacts.  Variations in energy use for a particular appliance depend on factors such as climate, type
of household, and people in household.  Annual energy use can be estimated by a calculation based
on an accepted test procedure or it can be measured directly in the field.  The Department plans to
perform sensitivity analyses to consider how differences in energy use will affect sub-groups of
consumers.

The spreadsheet model used for the life-cycle cost (LCC) analysis can be used with different
data inputs.  The standard LCC analysis (described in Chapter 5) includes all the households having
either a central air conditioner or heat pump.  The LCC for any subgroup, such as low-income
households, can be analyzed by using the LCC spreadsheet model by only sampling that subgroup.
(Inputs to the spreadsheet used in determining life-cycle-cost and payback periods are explained in
detail in Chapter 5.) 

10.1 PURCHASE PRICE INCREASES

The Department will be sensitive to increases in the purchase price to avoid negative impacts
to identifiable population groups, such as consumers of lower income levels.  Additionally, the
Department will assess the likely impacts of an increased purchase price on product sales and fuel
switching.

For consumers, one measure of economic impact is the first cost of the product. The
Department will analyze first costs to determine their impacts on consumer subgroups. The
Department will be especially attentive to the need to avoid negative impacts on population groups
such as low-income households. Increased first costs to consumers resulting from standards are
especially important for lower-income consumers, since this group is most sensitive to price
increases. For lower-income consumers, increases in first costs for a product can preclude the
purchase of a new model of that product. As a result, some consumers may retain products past their
useful life, or purchase older, used appliances. These older products are generally less efficient, and
their efficiency may deteriorate if they are retained beyond their useful life. Increases in first cost can
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also preclude the purchase and use of a product altogether resulting in a potentially large loss of
utility. 

10.2 CONSUMER PARTICIPATION

As part of the process of setting a new energy efficiency standards for central air conditioners
and heat pumps, legislation requires that "the Secretary consider, among other factors,...if any
lessening of the utility or the performance of the products is likely to result from the imposition of
the standard (42 U.S.C. Sec. 6295 (o) (2) (B) (I) (IV)).  The Department seeks to inform and involve
consumers and consumer representatives in the process of developing standards.  This includes
notification of consumer representatives during the rulemaking process and where appropriate,
seeking direct consumer input.

For all products, consumer input is important for several related but separate analytical tasks.
First, consumer preferences should be understood prior to determining product classes in order to
preserve product utility. Second, assessing the impact of changes in first cost may require direct
consumer participation from affected consumer sub-groups (particularly low-income households).
Finally, consumer input is useful to ensure that life-cycle costs are accurately estimated for relevant
subgroups of consumers. To assess consumer impacts, the Department usually combines life-cycle
cost modeling and direct consumer input. 

The advisory committee sub-group on consumer issues has suggested appropriate means of
obtaining consumer input, including: 1) using focus groups, 2) conducting surveys, 3) conducting
demonstration projects, 4) conducting marketing analysis, and, 5) researching existing literature from
voluntary programs. In seeking this information, the advisory committee sub-group emphasized the
need for the Department to obtain information from statistically significant sample sizes of all
relevant consumer categories.



a For more information on NEMS, please refer to the U.S. Department of Energy, Energy Information
Administration documentation.  A useful summary is National Energy Modeling System: An Overview 1998, DOE/EIA-
0581(98), February, 1998.  DOE/EIA approves use of the name NEMS to describe only an official version of the model
without any modification to code or data.  Because our analysis entails some minor code modifications and the model
is run under various policy scenarios that are variations on DOE/EIA assumptions, the name NEMS-BRS refers to the
model as used here (BRS is DOE’s Building Research and Standards office, under whose aegis this work has been
performed).
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CHAPTER 11: UTILITY IMPACT ANALYSIS
 

11.1 INTRODUCTION

Analysis of the effects of proposed central air conditioner and heat pump standard levels on
both the gas and electric utility industries will be conducted using a variant of U.S. Department of
Energy (DOE)/Energy Information Administration’s (EIA) National Energy Modelling System
(NEMS) called NEMS-BRS, together with some exogenous calculations.a  NEMS was used by the
DOE/EIA to produce the 1999 Annual Energy Outlook (AEO99), and NEMS-BRS is used to provide
some key equivalent inputs to our standards analysis.  The electricity and gas utility analyses will
consist of a comparison between model results for the base case and policy cases in which proposed
standards are in place.  Outputs of the utility analysis are presented in a format similar to the results
in AEO99 1.

Assumptions

The use of NEMS for the utility analysis offers several advantages.  As the official DOE
energy forecasting model, it relies upon a set of assumptions which are fairly transparent due to the
exposure and scrutiny the AEO receives.  NEMS also offers a picture of the effect of appliance
standards since its scale allows it to measure the interactions between the various energy supply and
demand sectors and the economy as a whole.  In addition, the scale of NEMS allows an analysis of
the effects of standards on both the electric and gas utility industries.

The entire utility analysis will be conducted as a policy deviation from the AEO99, with the
same basic set of assumptions applied.  For example, the operating characteristics (energy conversion
efficiency, emissions rates, etc.) of future electricity generating plants are exactly those used in
AEO99, as are the prospects for natural gas supply. 

Deviations from some of these assumptions have also been explored through a few scenarios
that represent alternative futures.  Two of these alternative scenarios are based on the economic
growth cases of AEO99 and use variations in economic growth assumptions.  These growth cases
include a set of both high and low growth assumptions, with the moderate case serving as the
reference scenario.  The growth assumptions for each case are based on macroeconomic forecasts
prepared by Design Research, Inc. (DRI)/McGraw-Hill and demonstrate the effects of alternative
growth assumptions on energy markets.  The high growth case incorporates higher growth rates for
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population, labor force and labor productivity, which cause lower inflation and interest rates and an
increased projected economic output of 2.4 percent a year.  Conversely, the low growth case is based
on lower growth rates for population, labor force and productivity, resulting in higher prices and
interest rates and lower growth in industrial output.  Economic output in the low growth case
increases by 1.3 percent a year from 1996 through 2020.  While supply-side growth determinants are
varied in these cases, AEO99 assumes the same reference case energy prices for all three economic
growth cases. 

11.2 METHODOLOGY

NEMS is a large multi-sectoral partial equilibrium model of the U.S. energy sector that has
been developed over several years by the EIA primarily for the purpose of preparing the Annual
Energy Outlook.  NEMS produces a widely recognized baseline forecast for the U.S. through 2020
and is available in the public domain.  NEMS-BRS is the model that is used for appliance standards
analysis and is based on the AEO99 version of NEMS with minor modifications.  The electric utility
industry analysis will consist of NEMS-BRS forecasts for generation, installed capacity, and prices.

Since the AEO99 version of NEMS forecasts only to the year 2020, a method for
extrapolating price data to 2030 is required.  The adopted method uses the EIA approach to forecast
fuel prices for the Federal Energy Management Program (FEMP).  These are the prices used by
FEMP to estimate life-cycle costs of federal equipment procurements.  For petroleum products, the
average growth rate for the world oil price over the years 2010 to 2020 is used in combination with
the refinery and distribution markups from the year 2020 to determine the regional price forecasts.

Similarly, natural gas prices are derived from an average growth rate figure in combination
with regional price margins from the year 2020. 

11.3 RESULTS

Results will include sales and price forecasts for the electric and gas utilities.  Below is an
example output table of basic NEMS-BRS results for the AEO99 case.  Final results will include
equivalent tables for the AEO99 case with residential energy demand reduced by the levels forecast
by the National Energy Savings spreadsheet models, and all results will be extrapolated to 2030, as
described above.  Further, similar tables will be presented for the alternative scenarios.
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Table 11.1  Example Output Table of NEMS-BRS Results for Utility Analysis
NEMS-BRS: AEO99 Baseline 2000 2005 2010 2015 2020 2025 2030
Residential Consumption
Electricity Sales (Pwh)1 1.16 1.26 1.35 1.45 1.55 1.65 1.77
Natural Gas (EJ) 5.64 5.60 5.76 5.97 6.11 6.29 6.48
LPG (EJ) 0.47 0.50 0.52 0.53 0.54 0.55 0.56
Oil (EJ) 0.90 0.83 0.81 0.78 0.76 0.73 0.71
Natural Gas (Quads) 5.35 5.31 5.46 5.66 5.79 5.96 6.14
LPG (Quads) 0.45 0.47 0.49 0.50 0.51 0.52 0.53
Oil (Quads) 0.85 0.79 0.77 0.74 0.72 0.70 0.67

Residential Prices
Electricity (¢/kWh) 7.82 7.51 7.30 6.96 6.83 6.83 6.83
Natural Gas ($/GJ) 6.09 5.86 5.74 5.60 5.77 6.06 6.36
LPG ($/GJ) 12.20 12.88 13.12 13.12 13.26 13.73 14.22
Oil ($/GJ) 7.54 7.88 7.98 8.07 8.13 8.42 8.72
Natural Gas ($/MBtu) 5.77 5.55 5.44 5.31 5.47 5.74 6.03
LPG ($/MBtu) 11.56 12.21 12.44 12.44 12.57 13.01 13.48
Oil ($/MBtu) 7.15 7.47 7.56 7.65 7.71 7.98 8.27

1 Trillions of kWh. 
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1. U.S. Department of Energy-Energy Information Administration, Annual Energy Outlook
1999, December, 1998. Washington, DC. Report No. DOE/EIA-0383(99).
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CHAPTER 12: ENVIRONMENTAL ASSESSMENT

12.1 INTRODUCTION

The central air conditioner and heat pump environmental analysis uses a variant of U.S.
Department of Energy (DOE)/Energy Information Administration’s (EIA) National Energy
Modelling System (NEMS) called NEMS-BRS, together with some exogenous calculations.a  NEMS
was used by the DOE/EIA to produce the 1999 Annual Energy Outlook (AEO99), and NEMS-BRS
is used to provide some key equivalent inputs to our standards analysis.  Outputs of the
environmental analysis mirror the results of AEO99 1, with some additions.

Purpose of the Analysis

The environmental analysis is intended to provide emissions results to policymakers and
interveners, and to fulfill requirements that the environmental effects of all new Federal rules be
properly quantified and considered.  The environmental analysis considers only two pollutants, SO2

and NOx, and one emission, carbon.  The only form of carbon tracked by NEMS-BRS is CO2, so the
carbon discussed in this report is only in the form of CO2 .  For each of the standard levels, total
emissions will be calculated using NEMS-BRS in part, with some external analysis required.

Assumptions

The environmental analysis will be conducted as a policy deviation from the AEO99, with
the same basic set of assumptions applied.  For example, the emissions characteristics of an
electricity generating plant will be exactly those used in AEO99.

12.2 METHODOLOGY

Carbon emissions are tracked in NEMS-BRS by a detailed carbon module; this gives good
results because of its broad coverage of all sectors and inclusion of interactive effects.  Past
experience with carbon results from NEMS suggests that emissions estimates are somewhat lower
than emissions based on simple average factors.  One of the reasons for this divergence is that NEMS
tends to predict that conservation displaces renewable generating capacity in the out years.  On the
whole, NEMS-BRS provides carbon emissions results of reasonable accuracy, a level consistent with
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other Federal published results.

The two airborne pollutant emissions that have been reported in past analyses, SO2 and NOx,
are reported by NEMS-BRS.  The Clean Air Act Amendments of 1990 set an SO2 emissions cap on
all power generation.  The attainment of this target, however, is flexible among generators through
the use of emissions allowances and tradable permits.  NEMS includes a module for SO2 allowance
trading and delivers a forecast of SO2 allowance prices.  Please note that accurate simulation of SO2

trading tends to imply that physical emissions effects will be zero because emissions will always be
at the ceiling.  This fact has caused considerable confusion in the past.  However, there is an SO2

benefit from conservation in the form of a lower allowance price and, if big enough to be calculable
by NEMS-BRS, this value will be reported.  One small effect that NEMS-BRS must consider in
addition to AEO99 calculations is the effect of standards on SO2  emissions from in-house
combustion of oil, since the emissions cap does not apply to households.  This effect is calculated
using simple emissions factors.

 NEMS also has an algorithm for estimating NOx emissions from power generation, but it
is somewhat inadequate for this analysis because it does not estimate in-house emissions.  In-house
emissions account for the combustion of fossil fuels, primarily natural gas, within individual homes.
Since households that use natural gas, fuel oil or coal contribute to NOx emissions, LBNL has added
a separate household NOx emissions estimation capability, based on simple emissions factors
derived from general literature.

12.3 RESULTS

As described, the results for the environmental analysis are similar to a complete NEMS-
NAECA run.  Some key results are summarized in the table below.  The outcome of the analysis for
each case are reported as deviations from the AEO99 result.  All results are extrapolated to 2030 and
include household emissions.

Table 12.1  Example Output Table of NEMS-BRS Results for Environmental Analysis
NEMS: AEO99 Baseline 2000 2005 2010 2015 2020 2025 2030
In-house Combustion
NOx (Mt/a) 0 13.3 16.8 30.8 44.9 73.4 120.0
Carbon (Mt/a) 11.1 54.7 88.5 134.7 165.7 226.7 310.2
SO2 (Mt/a)

Power Sector Emissions
NOx (Mt/a) 5.05 5.16 5.32 5.52 5.71 5.92 6.13
Carbon (Mt/a) 1577 1685 1798 1882 1950 2031 2115
SO2 (Mt/a) 10.19 9.69 9.22 9 9 9 9
SO2 Trading Price ($/t) 120.9 173.1 218.9 181.1 165.2 143.5 124.7
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1. U.S. Department of Energy-Energy Information Administration, Annual Energy Outlook
1999, December, 1998. Washington, DC. Report No. DOE/EIA-0383(99).
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CHAPTER 13:  REGULATORY IMPACT ANALYSIS

13.1 INTRODUCTION

DOE will be preparing a draft regulatory analysis pursuant to E.O. 12866, “Regulatory
Planning and Review,” which will be subject to review under the Executive Order by the Office of
Information and Regulatory Affairs (OIRA) 58 FR 51735 (October 4, 1993).  Six major alternatives
were identified by DOE as representing feasible policy options to achieve consumer product energy
efficiency.  Each alternative will be evaluated in terms of  ability to achieve significant energy
savings at a reasonable cost and will be compared to the effectiveness of the rule.   

As part of the docket for the Refrigerator Products Energy Conservation Standards (Docket
No. EE-RM93-801) the Association of Home Appliance Manufacturers (AHAM) stated that the
Department needs to improve the evaluation of non-regulatory means of achieving energy savings.
(AHAM, No. 207 at 7). 

Under the Process Rule policies, the Department is committed to continually explore non-
regulatory alternatives to standards.  Listed in Table 13.1 below are the non-regulatory means of
achieving energy savings, proposed for analysis by DOE.  The final TSD will include a complete
quantitative analysis of each alternative, the methodology for which is discussed in brief below.  

Table 13.1 Non-regulatory Alternatives to Standards
-No new regulatory action

-Consumer tax credits

-Manufacturer tax credits

-Performance standards

-Rebates

-Voluntary energy efficiency targets

-Early replacement

-Mass government purchases

13.2 METHODOLOGY

To compare each alternative quantitatively to the proposed conservation standards in terms
of energy savings and net present value (or cost savings), it is necessary to quantify the effect of each
alternative on the purchase and use of energy-efficient consumer products.  In the final TSD (NOPR
TSD) each alternative to the proposed regulation will be quantified so that inputs to the accounting
model can be determined.  The accounting model will be used to calculate the energy use and the
net present value corresponding to each alternative.  The key inputs to the accounting model will be:
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C energy prices and escalation factors;

C implicit market discount rates for trading off purchase price against operating expense
when choosing appliance efficiency;

C consumer demand and income elasticities;

C price versus efficiency relationships for each consumer product;

C appliance stock data (purchase of new appliances or turnover rates for inventories). 

The key measures of the impact of each alternative will be: 

C Residential Energy Use  (EJ = 101 8  joule):  Cumulative, from the effective date of the
new standard to the year 2030 for the appliance product.  Electricity consumption is
reported as primary energy.  DOE agrees with the Advisory Committee’s
recommendation that the assumption of a constant conversion factor should be dropped
in favor of a conversion factor that changes from year-to-year.

C Energy Savings.  Cumulative energy use from base-case projection less alternative-
policy-case projection.

C Net Present Value.  Value of future savings from appliances bought in the period  from
the effective date of the new standard to the year 2030.  Calculated as difference: present
value of equipment and energy expenditures in base case less present value of
expenditures in alternative policy case.  Future fuel and equipment expenditures are
discounted to 1997 using 7% real discount rate.  Fuel expenses are calculated for the life
of the appliance. 
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APPENDIX A:  APPROACH FOR UNCERTAINTY AND VARIABILITY

A.1 INTRODUCTION

Analysis of an energy efficiency standard involves calculations of impacts, for example the
impact of a standard on consumer life-cycle cost (LCC).  In order to perform the calculation, the
analyst must first: 1) specify the equation or model that will be used; 2) define the quantities in the
equation; and 3) provide numerical values for each quantity.  In the simplest case, the equation is
unambiguous (contains all relevant quantities and no others), each quantity has a single numerical
value, and the calculation results in a single value.  However, unambiguity and precision are rarely
the case.  In almost all cases the model and/or the numerical values for each quantity in the model
are not completely known (i.e, there is uncertainty) or the model and/or the numerical values for each
quantity in the model depend upon other conditions (i.e., there is variability).

Thorough analysis involves accounting for uncertainty and variability.  While the simplest
analysis involves a single numerical value for each quantity in a calculation, arguments can arise
about what the appropriate value is for each quantity.  Explicit analysis of uncertainty and variability
is intended to provide more complete information to the decision process.    

A.2 UNCERTAINTY

When making observations of past events or speculating about the future, imperfect
knowledge is the rule rather than the exception.  For example, the energy actually consumed by a
particular appliance type (such as the average U.S. central air conditioner or heat pump) is not
directly recorded, but rather estimated based upon available information.  Even direct laboratory
measurements have some margin of error.  When estimating numerical values expected for quantities
at some future date, the exact outcome is rarely known in advance.

A.3 VARIABILITY

Variability means that different applications or situations produce different numerical values
when calculating a quantity. Specifying an exact value for a quantity may be difficult because the
value depends on something else.  For example, the number of hours an air conditioner is operated
by a household depends upon the specific circumstances and behaviors of the occupants (e.g.,
number of persons, personal habits about how comfortable the person wants to be, etc.).  Variability
makes specifying an appropriate population value more difficult in as much as any one value may
not be representative of the entire population.  Surveys can be helpful here, and analysis of surveys
can relate the variable of interest (e.g., hours of use) to other variables that are better known or easier
to forecast (e.g., persons per household).
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A.4 APPROACHES TO UNCERTAINTY AND VARIABILITY

Two approaches to consider uncertainty and variability are described here: 

C scenario analysis and 
C probability analysis.

Scenario analysis uses a single numerical value for each quantity in a calculation, then
changes one (or more) of the numerical values and repeats the calculation.  A number of calculations
are done, which provide some indication of the extent to which the result depends upon the
assumptions. For example, the life cycle cost of an appliance could be calculated for energy rates of
2, 8, and 14 cents per kWh.  

The advantages of scenario analysis are that each calculation is simple; a range of estimates
is used; and crossover points can be identified.  (An example of a crossover point is the energy rate
above which the life cycle cost is reduced, holding all other inputs constant. That is, the crossover
point is the energy rate at which the consumer achieves savings in operating expense that more than
compensate for the increased purchase expense.) The disadvantage of scenario analysis is that there
is no information about the likelihood of each scenario.

Probability analysis considers the probabilities within a range of values.  For quantities with
variability (e.g., electricity rates in different households), surveys can be used to generate a frequency
distribution of numerical values (e.g., the number of households with electricity rates at particular
levels) to estimate the probability of each value.  For quantities with uncertainty, statistical or
subjective measures can be used to provide probabilities (e.g., manufacturing cost to improve energy
efficiency to some level may be estimated to be $10 ± $3).  

The major disadvantage of the probability approach is that it requires more information,
namely information about the shapes and magnitudes of the variability and uncertainty of each
quantity.  The advantage of the probability approach is that it provides the greatest information about
the outcome of the calculations, that is, the probability that the outcome will be in any particular
range is provided. 

Scenario and probability analysis provide some indication of the robustness of the policy
given the uncertainties and variability.  A policy is robust when the impacts are acceptable over a
wide range of possible conditions.

A.5 PROBABILITY ANALYSIS AND THE USE OF CRYSTAL BALL

To quantify the uncertainty and variability that exist in inputs to the Engineering, Life-Cycle
Cost (LCC), and Payback Period (PBP) analyses, Microsoft Excel spreadsheets combined with
Crystal Ball (a commercially available add-in) were used to conduct probability analyses.  The
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NORMAL

Figure A.1a Normal Probability
Distribution

TRIANGULAR

Figure A.1b Triangular Probability
Distribution

UNIFORM

Figure A.1c Uniform Probability
Distribution

probability analyses used Monte Carlo simulation and  probability distributions.

Simulation refers to any analytical method meant to imitate a real-life system, especially
when other analyses are too mathematically complex or too difficult to reproduce.  Without the aid
of simulation, a spreadsheet model will only reveal a single outcome, generally the most likely or
average scenario. Spreadsheet risk analysis uses both a spreadsheet model and simulation to
automatically analyze the effect of varying inputs on outputs of the modeled system. One type of
spreadsheet simulation is Monte Carlo simulation, which randomly generates values for uncertain
variables over and over to simulate a model.  Monte Carlo simulation was named for Monte Carlo,
Monaco, where the primary attractions are casinos containing games of chance. Games of chance
such as roulette wheels, dice, and slot machines, exhibit random behavior.  The random behavior in
games of chance is similar to how Monte Carlo simulation selects variable values at random to
simulate a model. When you roll a die, you know that either a 1, 2, 3, 4, 5, or 6 will come up, but you
don't know which for any particular roll. It's the same with the variables that have a known range of
values but an uncertain value for any particular time or event (e.g. equipment lifetime, discount rate,
and installation cost). 

For each uncertain variable (one that has a range of possible values), possible values are
defined with a probability distribution.  The type of distribution selected is based on the conditions
surrounding that variable.  Probability distribution types include: 

During a simulation, multiple scenarios of a model are calculated by repeatedly sampling
values from the probability distributions for the uncertain variables and using those values for the
cell. Crystal Ball simulations can consist of as many trials (or scenarios) as desired – hundreds or
even thousands.  During a single trial, Crystal Ball randomly selects a value from the defined
possibilities (the range and shape of the probability distribution) for each uncertain variable and then
recalculates the spreadsheet.  
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APPENDIX B:  DETAILED PRODUCTION COSTS

This appendix contains the disaggregated costs resulting from the ADL cost modeling of 3-
ton unitary central air conditioners. Each element represents the average of all samples at the same
efficiency level within the same product class. As such, the results show “most” likely trends and
may not reflect actual costs of a particular model, manufacturer, or supplier.

What is production cost?

Production cost is the cost a manufacturer incurs to produce a saleable product. It includes
the costs of:

C Direct Materials— purchased components and raw materials that go directly into the
product (compressors, wires, sheet metal)

C Direct Labor—wages and fringe benefits of workers that fabricate and assemble the
product

and overhead items such as:

C Indirect Materials—materials indirectly associated with producing the product
(strapping, process computers) 

C Indirect Labor—wages and fringe benefits of workers that supervise and support the
production process

C Maintenance—labor and materials associated with maintaining the production facility
C Utilities—primarily electricity used to power production equipment and support plant

services
C Depreciation—amortized cost of buildings and equipment associated with

production
C Taxes—property taxes on plant and equipment
C Insurance—hazard insurance for plant and equipment.

We do not include non-production costs such as sales, administration, and research.
Outbound freight  is typically considered a sales cost, and therefore not a production cost. We
included it in our analysis, however, to capture the effect of higher equipment efficiency (larger,
heavier equipment) on shipping charges.
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What is the production cost workbook (CAC Cost v24.xls)?

CAC Cost contains the results of the DOE production cost estimates for each of the four
classes of residential central air conditioners defined by NAECA: 

C split system air conditioners, 
C single packaged air conditioners, 
C split system heat pumps,
C single packaged heat pumps. 

For split air conditioners, ADL estimated costs for indoor units with and without air handlers.
Each estimate represents equipment with a nominal three ton cooling capacity (33,000 through
39,000 BTU/hr).

The workbook allows you to see a representative breakdown of production costs, in 1998
dollars, for equipment under each class at each efficiency level. You can also see the costs of
equipment at each efficiency level relative to the baseline equipment under the current NAECA
standard (10 SEER for split systems and 9.7 SEER for packaged systems.) This can illustrate how
individual items tend to change as system efficiency increases.

Note that the production costs assume that each efficiency level is the minimum efficiency
standard established by DOE. Consequently, the component labor, material and overhead costs are
not necessarily representative of current production costs for equipment efficiencies that exceed the
current SEER 10 standard (9.7 SEER for packaged equipment). 

In addition to letting you view the cost estimates, CAC Cost lets you adjust them to see the
effects on the overall relative cost relationship. You can change a cost element by 1) replacing it with
a new value, 2) adding or subtracting a fixed percentage, or 3) adding or subtracting a fixed dollar
amount. This feature will let you identify and correct apparent problems, adjust for inflation or
deflation of component or material prices, and model the potential impacts of new technologies.

Why do production costs change as the equipment efficiency changes?

Generally, more efficient equipment is larger, heavier, and more complex and uses more
expensive components. All of these contribute to higher production costs.

What do each of the cost elements represent?

Manufacturers have different philosophies about exactly how to increase the efficiency of
their equipment. For example, some may prefer to install a more efficient compressor and some may
prefer to increase the size of the outdoor heat exchanger (outdoor coil). We assume that
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manufacturers in a competitive environment will incur close to the same incremental production
cost at a given efficiency level, even when they use different design approaches.

The equipment we sampled displayed a diversity of designs. The results in CAC Cost
represent the cost of each of those approaches averaged together. This can reveal design trends, but
not exact costs. For example, if a compressor cost is listed as $155, it may represent several models
that use $155 compressors, or some models that use $150 compressors with larger heat exchangers
and come that use $160 compressors with smaller heat exchangers. The same is true for the other
items. We presented the information this way to protect the confidentiality of the underlying
information. This is also consistent with the efficiency level approach that we adopted for the
engineering analysis.

How did ADL develop the cost estimates?

ADL estimated the cost of air conditioners by examining the products both directly and
indirectly. Chapter 4 in the Engineering Analysis Report describes the process in detail.

We initially disassembled and inspected three 3-ton units to determine the designs,
components, materials, and processes used to produce them. The units were 1) a 10 SEER split air
conditioner with fancoil, 2) a 10 SEER packaged heat pump, and 3) a 12 SEER split air conditioner
condenser.

In addition to the three tear down units, we collected design, material, and component
information on another 68 models. This information came directly from equipment manufacturers
and from product literature.

Once we had gathered the information, we estimated materials and component pricing,
fabrication and assembly costs, and factory overhead. We obtained pricing information from various
sources.

We estimated the production cost for each of the 71 models analyzed. The results in CAC
Cost represent the averages of those results at each efficiency level. Some efficiency levels represent
average results from multiple equipment models and some from only a single model.

What are the key assumptions that drive the cost estimates?

We assumed that each unit at a given efficiency level represents a typical unit that would be
produced if DOE established a minimum efficiency standard at that level. Some important
assumptions include:
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C High-volume production (125,000 units per year for split air conditioners and 25,000
units per year for split heat pumps and packaged systems)

C Elimination of “premium” features like sound attenuation and aesthetic
enhancements

C Production processes and cabinet configurations similar to the two disassembled 10
SEER units

C Greenfield production facility
C No price reductions in components due to economies of scale or technological

advance
C No technologies or processes that were not widely applied in 1998

The Technical Support Document published with the Advanced Notification of Proposed
Rulemaking will explain further these and other assumptions.

Why do values in CAC Cost v2.4 differ from those presented in LBNL’s Life-Cycle Cost
analysis?

CAC Cost v2.4 differs in two respects from the costs used in the lifecycle cost analysis. First,
the CAC Cost v2.4 calculate outbound freight in an updated manner (fixed rate based on cabinet
volume). Second, for ease of use, the values presented in CAC Cost v2.4 have not been subjected to
a Monte Carlo uncertainty analysis. Hence, they represent “most likely” rather than “mean”
estimates. The lifecycle cost analysis uses the more appropriate “mean” cost estimates. The
differences are usually subtle.
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Packaged Air Conditioners - 3-Ton (7/12/99)
Efficiency Standard (SEER) 10 11 12 13
Relative Cost 1.00 1.14 1.47
Cost Component
Outside

Unit
Coil Materials $41.11 $42.29 $45.67
Coil Labor $4.60 $4.31 $4.32
Electrical Materials $29.95 $29.52 $39.99
Electrical Labor $1.20 $1.20 $1.21
Miscellaneous Materials $15.46 $16.60 $30.31
Miscellaneous Labor $4.23 $4.23 $4.23
Fan Materials $7.20 $7.52 $7.79
Fan Labor $0.27 $0.27 $0.27
Cabinet Materials $52.90 $56.41 $79.03
Cabinet Labor $12.53 $13.05 $16.55
Plumbing Materials $16.97 $18.17 $16.41
Plumbing Labor $6.87 $6.97 $6.13
Compressor Materials $131.25 $174.12 $174.13
Compressor Labor $0.29 $0.29 $0.30

Indoor
Unit

Coil Materials $20.51 $34.05 $29.85
Coil Labor $1.56 $2.08 $1.73
Electrical Materials $54.97 $52.39 $121.68
Electrical Labor $1.50 $1.50 $1.84
Miscellaneous Materials $0.00 $0.00 $0.00
Miscellaneous Labor $0.00 $0.00 $0.00
Fan Materials $6.08 $6.08 $6.10
Fan Labor $0.75 $0.75 $0.81
Cabinet Materials $0.00 $0.00 $0.00
Cabinet Labor $0.00 $0.00 $0.00
Plumbing Materials $6.68 $8.38 $10.37
Plumbing Labor $1.53 $1.53 $1.53

Other Refrigerant Matl $3.42 $5.10 $4.38
Refrigerant Labor $0.36 $0.36 $0.36
Indirect Labor $18.01 $18.32 $19.82
Indirect Material $19.42 $19.75 $19.52
Equipment Depreciation $9.70 $9.70 $11.84
Building Depreciation $6.13 $7.02 $13.33
Maintenance $14.80 $14.76 $14.66
Utilities $3.39 $3.58 $5.39
Taxes $4.96 $5.64 $7.28
Insurance $4.41 $5.01 $6.47
Freight-Out $48.71 $55.83 $105.96
Total $551.70 $626.80 $809.24

Direct Material $386.49 $450.64 $565.70
Direct Labor (incl. benefits) $35.68 $36.55 $39.27
Overhead (incl. benefits) $80.82 $83.78 $98.31
Full Cost (no freight-out) $502.99 $570.97 $703.29
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Packaged Heat Pumps - 3-Ton (7/12/99)
Efficiency Standard (SEER) 10 11 12
Relative Cost 1.00 1.10
Cost Component
Outside

Unit
Coil Materials $42.48 $58.26
Coil Labor $4.19 $4.84
Electrical Materials $82.42 $80.54
Electrical Labor $3.25 $3.25
Miscellaneous Materials $17.28 $16.85
Miscellaneous Labor $2.87 $2.87
Fan Materials $7.04 $6.92
Fan Labor $0.27 $0.27
Cabinet Materials $57.35 $56.24
Cabinet Labor $13.72 $13.55
Plumbing Materials $22.23 $18.74
Plumbing Labor $5.46 $5.59
Compressor Materials $125.00 $174.14
Compressor Labor $0.35 $0.35

Indoor
Unit

Coil Materials $29.95 $34.05
Coil Labor $1.76 $1.89
Electrical Materials $54.75 $52.36
Electrical Labor $0.56 $0.56
Miscellaneous Materials $0.00 $0.00
Miscellaneous Labor $0.00 $0.00
Fan Materials $5.17 $5.17
Fan Labor $0.72 $0.72
Cabinet Materials $0.04 $0.04
Cabinet Labor $0.12 $0.12
Plumbing Materials $7.92 $8.72
Plumbing Labor $3.85 $4.77

Other Refrigerant Matl $4.90 $6.31
Refrigerant Labor $0.36 $0.36
Indirect Labor $18.56 $19.16
Indirect Material $20.22 $20.36
Equipment Depreciation $10.58 $11.02
Building Depreciation $7.80 $7.62
Maintenance $15.66 $15.95
Utilities $3.97 $4.03
Taxes $5.79 $6.37
Insurance $5.15 $5.66
Freight-Out $61.79 $60.35

Total $643.52 $708.00
Direct Material $456.52 $518.35
Direct Labor (incl. benefits) $37.48 $39.13
Overhead (incl. benefits) $87.73 $90.17
Full Cost (no freight-out) $581.73 $647.65
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Split Air Conditioners (fancoil) - 3-Ton (7/12/99)
Efficiency Standard (SEER) 10 11 12 13 14
Relative Cost 1.00 1.21 1.66 1.76
Cost Component
Outside

Unit
Coil Materials $38.69 $39.94 $56.77 $63.75
Coil Labor $4.05 $4.44 $4.84 $4.89
Electrical Materials $28.35 $27.74 $34.62 $34.60
Electrical Labor $1.03 $1.05 $1.11 $1.09
Miscellaneous Materials $4.23 $4.84 $6.78 $6.54
Miscellaneous Labor $1.62 $1.67 $1.82 $1.80
Fan Materials $4.06 $4.06 $5.86 $5.07
Fan Labor $0.25 $0.25 $0.25 $0.25
Cabinet Materials $12.58 $14.60 $23.09 $21.74
Cabinet Labor $2.26 $2.27 $2.56 $2.52
Plumbing Materials $12.38 $10.47 $10.63 $10.79
Plumbing Labor $4.00 $3.32 $3.32 $3.95
Compressor Materials $121.58 $137.33 $170.93 $170.93
Compressor Labor $0.65 $0.65 $0.65 $0.65

Indoor
Unit

Coil Materials $20.98 $41.35 $26.63 $46.01
Coil Labor $1.73 $2.58 $1.76 $3.03
Electrical Materials $52.73 $53.07 $169.01 $176.91
Electrical Labor $1.83 $1.83 $2.52 $2.52
Miscellaneous Materials $14.67 $26.20 $29.83 $31.93
Miscellaneous Labor $1.91 $1.99 $1.95 $1.99
Fan Materials $5.13 $5.13 $5.17 $5.31
Fan Labor $0.67 $0.61 $0.73 $0.77
Cabinet Materials $19.03 $30.28 $28.44 $30.38
Cabinet Labor $2.00 $2.11 $1.49 $2.06
Plumbing Materials $7.49 $15.49 $15.06 $14.96
Plumbing Labor $5.95 $5.95 $4.62 $8.63

Other Refrigerant Matl $3.95 $4.00 $5.30 $5.65
Refrigerant Labor $0.36 $0.36 $0.36 $0.36
Indirect Labor $12.82 $12.74 $12.85 $15.63
Indirect Material $11.03 $11.28 $10.52 $11.60
Equipment Depreciation $5.38 $7.13 $8.16 $9.05
Building Depreciation $9.88 $14.78 $21.78 $21.23
Maintenance $2.74 $3.15 $2.92 $3.45
Utilities $3.30 $4.73 $6.47 $6.54
Taxes $4.10 $4.95 $6.80 $7.22
Insurance $3.65 $4.40 $6.04 $6.42
Freight-Out $29.01 $43.38 $63.91 $62.31
Total $456.09 $550.13 $755.53 $802.52

Direct Material $345.85 $414.51 $588.12 $624.56
Direct Labor (incl. benefits) $28.32 $29.08 $27.97 $34.50
Overhead (incl. benefits) $52.90 $63.17 $75.54 $81.15
Full Cost (no freight-out) $427.08 $506.75 $691.62 $740.21
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Split Air Conditioners (fancoil) - 3-Ton (7/12/99) (continued)
Efficiency Standard (SEER) 15 16 17
Relative Cost 1.96 2.07 2.24
Cost Component Original Original Original
Outside

Unit
Coil Materials $88.64 $82.34 $82.34
Coil Labor $5.34 $5.54 $5.54
Electrical Materials $70.90 $71.13 $71.13
Electrical Labor $1.48 $1.52 $1.52
Miscellaneous Materials $6.46 $6.94 $6.94
Miscellaneous Labor $1.79 $1.83 $1.83
Fan Materials $5.16 $5.07 $5.07
Fan Labor $0.25 $0.25 $0.25
Cabinet Materials $21.47 $24.18 $24.18
Cabinet Labor $2.49 $2.61 $2.61
Plumbing Materials $18.79 $18.79 $18.63
Plumbing Labor $4.96 $4.96 $4.32
Compressor Materials $221.33 $282.75 $282.75
Compressor Labor $0.65 $0.65 $0.65

Indoor
Unit

Coil Materials $32.90 $30.92 $52.19
Coil Labor $2.25 $2.23 $3.29
Electrical Materials $169.03 $169.01 $190.67
Electrical Labor $2.52 $2.52 $2.52
Miscellaneous Materials $31.30 $23.14 $29.16
Miscellaneous Labor $1.97 $1.91 $1.97
Fan Materials $5.15 $5.06 $5.46
Fan Labor $0.74 $0.73 $0.81
Cabinet Materials $27.84 $22.56 $29.23
Cabinet Labor $2.05 $2.06 $2.07
Plumbing Materials $14.31 $20.47 $21.12
Plumbing Labor $6.62 $7.29 $9.29

Other Refrigerant Matl $8.40 $8.00 $8.00
Refrigerant Labor $0.36 $0.36 $0.36
Indirect Labor $15.67 $16.04 $16.95
Indirect Material $11.37 $11.35 $11.81
Equipment Depreciation $8.48 $8.63 $9.81
Building Depreciation $19.70 $19.90 $22.60
Maintenance $3.28 $3.33 $3.70
Utilities $6.09 $6.16 $7.00
Taxes $8.03 $8.50 $9.17
Insurance $7.14 $7.56 $8.15
Freight-Out $57.81 $58.39 $66.31

Total $892.71 $944.67 $1,019.42
Direct Material $721.66 $770.36 $826.88
Direct Labor (incl. benefits) $33.47 $34.45 $37.04
Overhead (incl. benefits) $79.77 $81.47 $89.19
Full Cost (no freight-out) $834.90 $886.27 $953.11
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Split Air Conditioners (cased coil)  - 3-Ton (7/12/99)
Efficiency Standard (SEER) 10 11 12 13 14
Original Relative Cost 1.00 1.12 1.27 1.44 1.60
Cost Component
Outside

Unit
Coil Materials $36.18 $39.20 $59.31 $69.63 $94.85
Coil Labor $4.15 $4.20 $4.76 $4.92 $5.40
Electrical Materials $28.44 $31.79 $31.99 $35.22 $35.17
Electrical Labor $1.05 $1.21 $1.07 $1.07 $1.07
Miscellaneous Materials $4.53 $4.49 $5.66 $5.98 $6.30
Miscellaneous Labor $1.64 $1.64 $1.73 $1.76 $1.78
Fan Materials $3.26 $3.76 $4.47 $5.11 $4.86
Fan Labor $0.25 $0.25 $0.25 $0.25 $0.25
Cabinet Materials $13.54 $13.37 $18.83 $20.55 $21.88
Cabinet Labor $2.24 $2.23 $2.45 $2.51 $2.55
Plumbing Materials $11.30 $11.61 $11.32 $13.55 $14.46
Plumbing Labor $3.59 $3.99 $3.72 $3.99 $4.21
Compressor Materials $122.21 $151.77 $152.87 $167.25 $167.78
Compressor Labor $0.65 $0.65 $0.65 $0.65 $0.65

Indoor
Unit

Coil Materials $24.61 $30.28 $30.32 $41.25 $47.37
Coil Labor $1.98 $2.18 $2.22 $2.58 $2.79
Electrical Materials $0.00 $0.00 $0.00 $0.00 $0.00
Electrical Labor $0.00 $0.00 $0.00 $0.00 $0.00
Miscellaneous Materials $6.43 $6.80 $8.66 $11.55 $14.13
Miscellaneous Labor $1.51 $1.52 $1.52 $1.53 $1.56
Fan Materials $0.00 $0.00 $0.00 $0.00 $0.00
Fan Labor $0.00 $0.00 $0.00 $0.00 $0.00
Cabinet Materials $14.83 $15.45 $15.92 $17.98 $21.65
Cabinet Labor $1.35 $1.39 $1.37 $1.28 $1.36
Plumbing Materials $9.22 $7.65 $10.91 $12.03 $16.36
Plumbing Labor $6.35 $6.45 $6.62 $6.62 $6.84

Other Refrigerant Matl $4.18 $4.70 $5.60 $6.11 $8.08
Refrigerant Labor $0.36 $0.36 $0.36 $0.36 $0.36
Indirect Labor $10.89 $11.24 $11.38 $11.66 $12.07
Indirect Material $6.85 $6.92 $6.95 $6.95 $7.01
Equipment Depreciation $4.59 $4.78 $5.99 $6.59 $7.47
Building Depreciation $7.50 $7.58 $11.70 $13.59 $15.47
Maintenance $2.81 $2.90 $3.07 $3.20 $3.41
Utilities $2.61 $2.67 $3.82 $4.36 $4.95
Taxes $3.31 $3.71 $4.21 $4.76 $5.29
Insurance $2.94 $3.30 $3.74 $4.23 $4.70
Freight-Out $22.03 $22.26 $34.33 $39.89 $45.41

Total $367.36 $412.29 $467.77 $528.96 $587.52
Direct Material $278.71 $320.86 $355.86 $406.21 $452.90
Direct Labor (incl. benefits) $25.12 $26.06 $26.72 $27.52 $28.83
Overhead (incl. benefits) $41.49 $43.10 $50.86 $55.34 $60.37
Full Cost (no freight-out) $345.33 $390.03 $433.44 $489.08 $542.10
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Split Heat Pumps - 3-Ton (7/12/99)
Efficiency Standard (SEER) 10 11 12 13 14
Relative Cost 1.00 1.00 1.11 1.35 1.63
Cost Component
Outside

Unit
Coil Materials $52.03 $55.25 $63.07 $70.12 $89.25
Coil Labor $4.33 $4.22 $4.54 $4.67 $5.44
Electrical Materials $80.26 $79.03 $80.01 $102.25 $154.59
Electrical Labor $4.19 $4.17 $4.20 $4.34 $4.90
Miscellaneous Materials $5.81 $5.94 $6.74 $7.03 $7.30
Miscellaneous Labor $1.77 $1.78 $1.84 $1.86 $1.88
Fan Materials $4.83 $4.45 $4.94 $5.19 $5.14
Fan Labor $0.19 $0.19 $0.19 $0.19 $0.19
Cabinet Materials $16.35 $16.85 $19.41 $20.54 $21.23
Cabinet Labor $2.48 $2.55 $2.62 $2.66 $2.63
Plumbing Materials $33.34 $42.53 $37.75 $38.14 $28.44
Plumbing Labor $10.69 $10.95 $11.16 $11.26 $12.71
Compressor Materials $124.23 $144.15 $153.23 $169.20 $225.00
Compressor Labor $0.51 $0.51 $0.51 $0.51 $0.51

Indoor
Unit

Coil Materials $30.64 $30.03 $34.18 $35.84 $30.14
Coil Labor $2.11 $1.90 $2.20 $2.23 $1.95
Electrical Materials $48.05 $47.76 $48.18 $123.67 $176.66
Electrical Labor $3.18 $3.18 $3.18 $4.23 $4.57
Miscellaneous Materials $15.69 $11.33 $15.71 $22.20 $18.75
Miscellaneous Labor $1.96 $1.87 $1.96 $1.98 $1.93
Fan Materials $5.71 $5.06 $5.80 $5.90 $6.05
Fan Labor $0.66 $0.65 $0.66 $0.69 $0.72
Cabinet Materials $23.30 $16.10 $23.11 $25.63 $21.21
Cabinet Labor $1.88 $1.67 $1.79 $1.84 $1.69
Plumbing Materials $9.47 $6.57 $7.45 $6.67 $13.73
Plumbing Labor $6.63 $5.11 $6.74 $6.74 $5.76

Other Refrigerant Matl $5.75 $6.01 $6.01 $8.55 $11.86
Refrigerant Labor $0.42 $0.42 $0.42 $0.42 $0.42
Indirect Labor $20.67 $19.86 $21.09 $22.17 $23.52
Indirect Material $11.76 $11.36 $11.69 $11.77 $11.59
Equipment Depreciation $8.60 $7.80 $9.52 $10.09 $10.19
Building Depreciation $14.63 $11.92 $18.09 $20.12 $19.24
Maintenance $11.42 $11.29 $11.50 $11.56 $11.65
Utilities $5.06 $4.30 $6.02 $6.59 $6.42
Taxes $5.60 $5.60 $6.21 $7.56 $9.09
Insurance $4.97 $4.98 $5.52 $6.72 $8.08
Freight-Out $42.88 $34.95 $53.05 $59.00 $56.41

Total $622.05 $622.25 $690.29 $840.12 $1,010.83
Direct Material $455.47 $471.04 $505.60 $640.92 $809.33
Direct Labor (incl. benefits) $40.98 $39.16 $42.00 $43.62 $45.31
Overhead (incl. benefits) $82.71 $77.10 $89.64 $96.58 $99.78
Full Cost (no freight-out) $579.17 $587.30 $637.24 $781.13 $954.42
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Split Heat Pumps - 3-Ton (continued) (7/12/99)
Efficiency Standard (SEER) 15 16
Original Relative Cost 1.84 1.97
Cost Component
Outside

Unit
Coil Materials $92.32 $92.32
Coil Labor $5.95 $5.95
Electrical Materials $199.70 $199.70
Electrical Labor $5.53 $5.53
Miscellaneous Materials $7.37 $7.37
Miscellaneous Labor $1.89 $1.89
Fan Materials $5.93 $5.93
Fan Labor $0.19 $0.19
Cabinet Materials $22.03 $22.03
Cabinet Labor $2.58 $2.58
Plumbing Materials $27.75 $27.75
Plumbing Labor $15.78 $15.73
Compressor Materials $279.07 $279.07
Compressor Labor $0.51 $0.51

Indoor
Unit

Coil Materials $29.15 $64.29
Coil Labor $1.74 $3.70
Electrical Materials $176.80 $192.55
Electrical Labor $4.57 $4.57
Miscellaneous Materials $22.50 $27.87
Miscellaneous Labor $1.99 $1.99
Fan Materials $6.05 $6.61
Fan Labor $0.72 $0.73
Cabinet Materials $25.07 $27.90
Cabinet Labor $1.45 $1.95
Plumbing Materials $19.78 $22.66
Plumbing Labor $5.44 $11.96

Other Refrigerant Matl $12.78 $12.78
Refrigerant Labor $0.42 $0.42
Indirect Labor $25.49 $29.35
Indirect Material $11.28 $12.63
Equipment Depreciation $10.85 $12.28
Building Depreciation $21.78 $21.78
Maintenance $11.68 $12.44
Utilities $7.11 $7.42
Taxes $10.32 $11.04
Insurance $9.17 $9.81
Freight-Out $63.84 $63.84

Total $1,146.56 $1,227.13
Direct Material $926.30 $988.83
Direct Labor (incl. benefits) $48.75 $57.70
Overhead (incl. benefits) $107.67 $116.76
Full Cost (no freight-out) $1,082.71 $1,163.29
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APPENDIX C: TECHNICAL DESCRIPTION OF THE REVERSE ENGINEERING
COST ESTIMATION METHODOLOGY

C.1 INTRODUCTION

The manufacturing cost estimation methodology, or “reverse engineering”, is a detailed,
component focused, activity based technique for rigorously estimating the manufacturing cost of a
product (direct materials, direct labor, and plant overhead costs). Arthur D. Little (ADL), a
Department of Energy contractor, has applied its technology based cost assessment successfully  to
a broad range of products in various stages of development from early R&D to production. This
Appendix describes the technical aspects of the approach as applied to residential central air
conditioners and heat pumps (CACs). Refer to Chapter 4 in the body of the Technical Support
Document (TSD) for more information on assumptions and context.

C.2 TEAR-DOWNS

Our first step was to perform “tear-downs” on equipment samples that are typical of today’s
minimum efficiency air conditioners. A tear-down is a thorough disassembly of the equipment
followed by a detailed inspection of the parts and subassemblies. We performed the minimum
number of tear-downs required to assess all four CAC product classes. Since split and packaged
equipment have different configurations, we selected one baseline (10 SEER) model from each class-
-both from the same manufacturer. Since heat pumps (HPs) and cooling-only air conditioners (ACs)
have similar configurations differing only by additional HP components, we selected only HPs rather
than a combination of HPs and ACs.

C.2.1 Split Heat Pump Tear-down

Initially, a representative 10 SEER split HP outdoor unit with a indoor fan-coil unit served
as the basis for the bill-of-materials (BOM) used by both split system products (AC and HP). We
disassembled the outdoor unit first and then the indoor fancoil unit. We made every attempt to
perform the disassembly in reverse of the actual assembly process, and the BOM reflects the order
of these operations.  We assumed that major sub-assemblies arrive pre-assembled at the final
assembly line. For example, most outdoor units feature fans and wiring that are integrated into the
top cover subassembly. The model assumes that a assembly worker on the final assembly line
receives the top cover assembly as a single piece, places it  atop the rest of the completed outdoor
unit, and attaches the wiring leads and screws. Sub-assemblies can also feed into other
sub-assemblies before being integrated on the final assembly line. This mimics cellular
manufacturing techniques often found in today’s state-of-the-art plants.
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Split AC Split HP Packaged
AC

Packaged
HP

Efficiency
Level

(SEER)

Outdoor
Unit

Indoor
Unit

Outdoor
Unit

Indoor
Unit

10 3% 7% 0% -2% 1% 2%

11 -6% 8%

12 6% 8% 6% -7% -2% 3%

13 -3% 18% 1% -4% 2%

14 -9% -1% -7% 4%

15 -14% -14% -22% -11%

16 -8% 1% -22% -16%

17 -8% -3%

Table C.1  Predicted versus Listed Equipment Weight

C.2.2 Packaged Heat Pump Tear-Down

We used the same processes and cost models to establish costs for 3 ton packaged systems
as we had for split systems. Since packaged systems have a significantly different configuration,
however, we tore down a representative 10 SEER packaged HP (PHP) model. As we had done for
split systems, we derived the packaged AC cost model directly from the PHP cost model by
removing HP-specific parts.

C.2.3 Confirming the Tear-Down Results

We confirmed our cost and weight predictions using a number of methods. Initially, we
compared shipping weight predictions with published shipping weights. Since cost and weight tend
to be highly correlated in manufactured goods, the ability to accurately predict weight is usually an
important indication of the accuracy of the cost model. However, we discovered that at least one
equipment manufacturer had published erroneous weight data. For example, the discrepancies at 16
and 17 SEER for evaporators are caused by inaccurate OEM submissions. Since we could not verify
all the published weights, we could not place as much confidence in the weight verification as we
would like.

Table C.1 below shows the degree to which the equipment weights we predict differ from
the weight listed by the manufacturer. Positive values denote where the model calculates weight in
excess of reported shipping weights.
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We attributed under-predictions primarily to the weight of non-efficiency items such as sound
blankets, cosmetic grilles, etc. found on today’s high efficiency equipment that we assume would
be omitted from those units once they became commodity units. Section 4.2.5 in the TSD describes
this concept more fully.

After the PHP tear-down and the quotation process, we also tore down a 12 SEER split HP
outdoor unit to verify some of our assumptions regarding  higher efficiency equipment. Even though
different OEMs produced our 10 and 12 SEER equipment samples the physical similarities between
the two models were striking. This tear-down was not meant to establish a BOM since we based the
BOM solely on the 10 SEER baseline. Rather, we wanted to confirm the components used in the
design and that the BOM model was using the correct component data. Our coil model predicted the
weight of the 12 SEER coil within ½ pound of its actual weight. The difference was due to the larger
end-plates of the coil which, being made of galvanized cold rolled steel, do not contribute
significantly to equipment cost. Furthermore, the 10 and 12 SEER defrost controllers were quite
similar despite being manufactured by different companies. 

C.3 SELECTING ADDITIONAL EQUIPMENT SAMPLES

Although we had detailed information on the three tear-down samples, we needed many more
samples to span a broad range of efficiency levels in each of the four product classes. That approach
would provide us discrete cost points to compare against the cost curves that ARI would provide.
We asked OEMs to provide us with a list of equipment models, one model at each efficiency level,
that they felt best represent baseline equipment. We then asked for detailed information on the
components and physical parameters that we identified as being related to the efficiency of the
product.

Four OEMs responded to our request and provided data to us directly for equipment they
considered to most closely represent baseline models at each efficiency level. That yielded
information on 62 samples. We supplemented that data with nine more selections from ARI’s
Unitary Directory and associated physical data from ARI’s Product Attribute database and OEM
literature. Where possible, we obtained exact specifications for purchased parts.

Our subsequent cross-checking exposed a few errors in the data we had collected. We
corrected all aberrations either by replacing them with correct values or by omitting the unit
altogether if we determined that the entire configuration did not represent a prospective baseline
system. For example, one 11-SEER SAC unit that we selected was comprised of a 10 SEER outdoor
unit and a variable speed fan-coil unit. Because such combinations would be significantly more
expensive than a more efficient outdoor unit coupled with a less sophisticated fancoil unit, that
sample was an obvious outlier. We therefore omitted it on the presumption that the mass market will
not sustain large price differences at the baseline efficiency level.
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C.4 CREATING THE BILL-OF-MATERIALS

We used the tear-down process to create a complete and structured bill-of-materials (BOM)
for the baseline equipment. We built four separate BOMs from our two tear-downs--one for each of
the four product classes. While we completely dismantled each piece of equipment, we characterized
every part according to weight, dimensions, material, quantity, and, the manufacturing processes
used to fabricate and assemble it.

As a simplification, we assumed that the structure of the BOMs we developed for the tear-
down samples also applied to the samples that we did not tear down. This allowed the physical
parameters and parts to vary across samples, but fixed the assembly process (and the associated plant
equipment) for each sample. Since a typical OEM manufacturers a wide range of products in the
same plant and assembly line, we consider this a valid simplification for isolating efficiency-related
changes within a product platform and within a single manufacturer. Our simplification cannot
reproduce cost variability across OEMs due to differences in assembly processes or product
platforms.

The BOMs incorporate all materials, components, and fasteners with estimates of raw
materials and purchased parts and sub-assemblies. We based our assumptions on the sourcing of
parts and in-house production on our previous industry experience, recent information in trade
publications, and discussions with high and low-volume original equipment  manufacturers (OEMs).
To reinforce our understanding of the industry's current manufacturing practices, we also visited
several manufacturing plants. These visits focused on observing and characterizing current
manufacturing practices. 

Figure C.1 illustrates a small section from a structured bill of materials. It shows:

1. Part number:  Assigned during disassembly
2. Description:  A description of the part. The step-like ladder approach identifies logical

groupings of parts to denote which go together where in the assembly process.  A reverse
indentation denotes parts that are sub-assembled onto a part prior to final assembly on
the manufacturing line.

3. Category: Primary part material for raw material costing and sorting purposes
4. V: This entry denotes whether a part is a purchased component or fabricated in house.

We assumed that all plastic components were outsourced. 
5. #: How many parts are assembled in a given assembly step.
6. OD, Length, Depth, Thickness: Physical parameters that describe the finished part. 
7. Painted surface: Describes how many square inches of paint are required for each part.

We assumed that any "green field" plant would rely exclusively on pre-painted steel and
priced the paint coatings accordingly.

8. Weight: Final weight of part in pounds.
9. Material cost: Final material cost of the part (calculated), accounting for scrap losses but

excluding required assembly, painting, fabrication, or joining costs.



C-5

Part Category V OD or Length Depth Thickness Painted Weight Scrap Material LWor
No. Description ? # Width (in) Srfce A (lbs) % Cost, $ (s)

1.00 Cabinet Assy
1.01 Packaging Corner Screws Fastener Y 8 0.44 0.785 0.15 0.054 $0.08 16
1.02 Packaging Corners GCRS 4 4 4 1.125 0.055 1.527 $0.46 32
1.03 Sticker Misc. Y 1 5 8 $0.05 8
1.04 Outside Wrap HDPE Y 1 33.5 385.5 0.003 1.390 $1.30 15
1.06 Air Filter Panel Screws Fastener Y 2 0.44 0.785 0.15 0.014 $0.02 4
1.07 Air Filter Panel Fiberglass FG 1 22 29.875 0.75 0.600 $2.10 2
1.08 Air Filter Panel Stickers Misc. Y 2 2 5.5 $0.06 16
1.09 Air Filter Access Panel GCRS 1 23.5 30.75 0.5 0.04 10.036458 6.930 1% $2.10 8
1.10 Evap Fan Panel Screws Fastener Y 2 0.44 0.785 0.15 0.014 $0.02 4
1.11 Evap Fan Panel Fiberglass FG 1 18 30 0.75 0.477 $1.67 2
1.12 Evap Fan Panel Stickers Misc. Y 1 3.5 2.5 $0.03 8
1.13 Evap Fan Access Panel GCRS 1 18.5 29.5 0.5 0.04 7.5798611 5.738 1% $1.74 8
1.14 Condenser Panel Screws Fastener Y 2 0.44 0.785 0.15 0.014 $0.02 4
1.15 Condenser Panel Stickers Misc. Y 2 2.5 10 $0.10 16
1.16 Condenser Access Panel GCRS 1 18.25 30.75 0.5 0.04 7.7942708 5.725 1% $1.73 8
1.17 Top Cover Screws Fastener Y 6 0.44 0.785 0.15 0.042 $0.06 12
1.70 Top Cover Assy 15
1.18 Condenser Middle Panel Screws Fastener Y 3 0.44 0.785 0.15 0.021 $0.03 6
1.19 Condenser Middle Panel GCRS 1 3.25 31 0.5 0.035 2.0451389 1.320 $0.40 8
1.20 Large Condenser Grid Screws Fastener Y 3 0.44 0.785 0.15 0.021 $0.03 6
1.21 Large Condenser Grid GCRS 1 37.625 31 0.8099826 2.730 $0.82 8

Figure C.1  Sample structured bill of materials

Fabrication Assembly/Joining

Fixturing Adhesive bonding

Stamping Spot welding
Brake forming Brazing

Cutting/shearing Press fitting

Collaring Integral fasteners
Deburring Other fasteners

Table C.2  Manufacturing Processes
Captured in the Bills-of-Material

10. Labor: The manual labor (in seconds) required to handle all parts or assemble them into
the unit. Some parts such as fasteners also require additional tool time which is
accounted for in the later section of the BOM spreadsheet.

The BOMs also capture the major manufacturing processes required to make selected parts.
Table C.2 lists these processes.

C.5 ADDITIONAL PRODUCTION COST DATA

The tear-down process and the development of the structured BOMs provide the starting
points for estimating production costs, but we still needed information on manufacturing operations,
part and material prices, wages, plant equipment amortization, and plant overhead. The TSD
(Chapter 4) describes our assumptions and data sources. This section briefly describes the processes
we used to gather the data and how we used them.
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C.5.1 Labor and Factory Overhead

Information on equipment and tooling costs, typical process cycle times, and materials used
for fabrication were obtained from the ADL manufacturing databases. Plant equipment suppliers
provided us with details concerning equipment capabilities and processing parameters (cycle times,
scrap rates, etc.). Fabrication cycle rates are directly entered into the model and depend on part
complexity and the processes used. 

C.5.2 Depreciation

Depreciation, or amortization, is the accounting process by which capital costs are allocated
to production volume. Amortization occurs over a period of time so that at the end of that time, all
capital costs are accounted for in the full cost of producing the product over that time. For example,
if a manufacturer produces 1 million air conditioners over ten years and amortizes a $10 million
investment over the same ten years, each air conditioner produced during that time would include
$10 in amortization charges. The methodology we used to allocate depreciation depended on whether
we assumed the plant machinery to be dedicated or non-dedicated to the production of the sample
product.

Dedicated machinery is tied solely to the production of the sample product. During times
when a piece of dedicated machinery is not needed for that product, it sits idle. The entire capital cost
of a  piece of dedicated machinery is amortized across the annual volume of the sample product.
Conversely, non-dedicated machinery may be used to produce another product when it is not needed
for the sample product. Only a fraction of the capital cost of non-dedicated machinery is allocated
to the sample product based on the time the machinery was used to produce the sample product. For
example, a non-dedicated press that was used 55 percent of the time to produce the sample product
would allocate 55 percent of its depreciation charges to the sample product and 45 percent to the
other products to which it is associated. A dedicated press, on the other hand, would allocate 100
percent of its depreciation to the sample product, even if its utilization was 55 percent, since the
press is not used for any other production.

We assumed that all coil fabrication machinery is non-dedicated. Given the substantial
equipment and space investment costs associated with coil lines, OEMs install universal, high
volume machinery to achieve high production efficiencies and low costs. The total coil volume and
the many configurations manufactured by OEMs ensure that no one coil type dominates the coil
production centers. Thus, every type of product will only be a fraction of the total output, and
amortization charges are based on that fraction.

We assumed that machinery other than coil assembly machinery is dedicated. Unlike old
plant designs, new facilities usually feature several production lines under one roof that handle
almost every part of fabrication and assembly. Instead of belonging to a functional department, all
employees and equipment are dedicated to individual product lines. The industry is moving to this
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Manufacturing Connecting
Powder Large Medium Small Brake Cut & Adhesive Spot- Press Integral Other

Fixturing Coating Press Press Press Form Shear Collar Deburr Bonding Welding Brazing Fits Fastner Fastners
Seconds 17 13 25 25 21 10 0 20 0 45 0 1080 4 0 279

# of Distinct Parts per Operation 4.00 13.00 5.00 14.00 16.00 1.00 2.00 1.00 0.00 11.00 1.00 14.00 1.00 0.00 37.00

# Total Equipment Required for Non-Dedicated Use 1 1 1 1 1 1 0 1 0 1 0 14 1 0 4
Model Input (Depends on dedication) 4 1 1 1 1 1 0 1 0 11 0 14 1 0 37

#People/Machine 1.00 0.00 1.50 1.00 1.00 0.50 0.50 0.50 0.50 1.00 0.50 1.00 1.00 1.00 1.00
#Operators Required when Operating 4 0 2 1 1 1 0 1 0 11 0 x x x x

Equipment Depreciation ($MM/Year) $.23 $.00 $.17 $.11 $.02 $.06 $.00 $.01 $.00 $.02 $.00 $.00 $.00 $.00 $.21
Total Equipment Investment ($MM) $1 $ $3 $1 $ $ $ $ $ $ $ $ $ $ $

Material Cost/Unit 0.0 2.6 5.0 2.5 1.1 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
Equipment Usage(%) 5% 16% 39% 55% 48% 12% 0% 24% 0% 5% 0% 94% 5% 0% 9%

Actual #Operators Required per Shift 0.2 0.0 0.8 0.6 0.5 0.1 0.0 0.2 0.0 0.6 0.0 x x x x

Figure C.2  Sample Fabrication and Assembly Summary Table

manufacturing philosophy. Our model reflects the possibility that a piece of production machinery
can be used to produce different parts for the same product. That is, each product, not each part, has
a set of dedicated machinery. All equipment and process costs are spread across the entire production
volume, unlike the coil model where costs are assigned on the basis of utilization.

We also allocated labor to operate a piece of machinery based on whether the machinery is
dedicated or non-dedicated. 

As equipment utilization rates approach 100 percent, the costs associated with dedicated vs.
non-dedicated equipment costs become equal. However, few dedicated pieces of equipment ever
achieve 100 percent utilization due to lack of demand, capacity mismatches between process steps,
scheduled downtime, etc. Thus, non-dedicated equipment results in lower overall costs per part, as
depreciation, maintenance, and other costs are only assessed on the basis of how much time each part
uses a piece of equipment. 

As equipment samples vary, so do the manufacturing equipment and labor requirements.
Depreciation charges therefore also vary across equipment samples. Figure C.2 shows how the model
allocates depreciation and labor to a sample product.

C.5.3 Parts and Materials

Cost estimates for raw materials and purchased components were drawn from ADL's
manufacturing databases and supplemented with information obtained from manufacturer and
supplier sources. We adjusted our cost estimates as appropriate to include price discounts typically
seen in the industry as the result of high-volume purchases.

As purchased components make up the bulk of the unit costs, special consideration was given
to  establishing accurate OEM-level price data. Through manufacturer submissions, industry
literature, and active research, we were able to ascertain the exact specifications for the majority of
components used in the AC and HP units under investigation. For the relatively few purchased
components we could not identify, we substituted parts from comparable equipment. 
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For example, a manufacturer’s technical data sheet may convey that a sample condenser uses
a certain type of compressor supplied by a particular company, but may not state the precise size or
part number.  In the cases when distributors could not positively identify the part, our industry
experts would compare the known attributes of similar condenser units (such as coil size, compressor
specs, capacities, etc.) and those of the equipment under question. We would then select a specific
compressor size based on an interpolation of the available data. 

We then consulted local distributors, wholesalers, parts suppliers, and OEMs to determine
high-volume pricing. We applied a discount to the prices we received from each of those sources
based on their place in the distribution chain. 

These discounts were based on markup data and our previous experience in the industry. The
many different data sources and the large purchased parts list also allowed for some cross-checking
of price data and discounts. We selected those that, in our best judgement, most likely reflected
actual prices to OEMs. The discount on each component were a function of the total dollar volume
of a typical OEM’s account with a typical supplier. Since we are modeling high volume OEMs who
deal with one supplier for each component, this results in substantial discounts relative to retail or
wholesale prices. 

C.5.4 Coil Fabrication Costs

While purchased components make up the largest part of costs in AC and HP units, coils,
generally fabricated by the OEM, also are important. To model the fabrication cost of both the indoor
and outdoor coils, we constructed a second cost model for each of the four product classes. These
costs were then fed back into the main cost models.

C.6 STRUCTURE OF THE COST MODELS

Once we had collected all of the information required to estimate production costs for each sample,
we used spreadsheet models to perform the required calculations. As stated earlier, the costs for each
CAC unit are calculated with the help of two cost models: the main model and the coil model. Figure
C.3 illustrates the structure and relationship of the spreadsheets that comprise the two models.
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Figure C.3  Overall Model Structure

C.6.1 Main Cost Model

The main model serves holds data and performs the calculations that determine the
production cost of the final assembled equipment. It contains a number of worksheets that perform
different functions.

C.6.1.1   Global Controls Sheet

This worksheet sets parameters such as production volume and wages while also displaying
the cost results by sub-assembly. The basic parameters (e.g. days available per year) of the Global
Controls page are linked to the coil model. A sample section of those controls is shown below
(Figure C.4). Shaded fields are also varied in the Monte-Carlo analysis (refer to Section 4.2.9 in the
TSD).

The Global Controls page also shows costs broken down by sub-assembly and cost category.
The results were shown in two tables. One table (Figure C.5) featured costs by major sub-assembly
and cost type by efficiency level. Another more detailed table formed the basis for the CAC Cost
spreadsheets (see Appendix A in the TSD). Cost breakdowns to this fine level allowed us to zero on
the differences between equipment across efficiency levels and facilitated the calibration and
industry review processes.
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Unit Cost Condensing Evaporator Controls Misc. Condenser Evaporator Total
($/unit) Unit Unit Coil Assy Coil Assy

Assy Labor Cost
Fabrication Labor

Indirect Labor Cost
Direct Material Costs

Indirect Material Costs
Ann Equipm Dep

Ann Bldg Dep.
Equipment Maintenance

Utilities
Taxes

Insurance

Total

Figure C.5  Sample table showing major sub-assembly and plant
overhead costs

Figure C.4  Sample of Global Controls Sheet

C.6.1.2   Manufacturer Data Sheet

The data tables in this worksheet define most equipment-specific attributes of the CAC
samples. For example, coil parameters are stored here for use by the  coil model and the quantity,
weight, and cost results from the coil model are returned and stored for use by the BOM and Global
Controls worksheets.

The headings in Figure C.6 are taken from our questionnaire. Further data tables capture
individual parameters such as cost per hairpin tube, volume of enclosure, and other physical
parameters. These parameters form the basis for several calculations. For example, in the Global
Controls page the total enclosed volume of a CAC unit drives the size of the manufacturing facility
and the assembly line. This reflects the assumption that, all else equal, a plant dedicated to producing
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Efficiency level (SEER)
Condensing unit model no.

Fancoil unit model no.
Exact SEER

Capacity (BTUH)
Nominal refrigerant charge (lb)

Condensing Unit
Weight (lb)

Cabinet
Dimensions (l x w x h), (in)

Sheet metal gauge

Compressor

Make & model number

Accumulator? (make/model)
Muffler? (make/model)

Crankcase heating? (method)

Fan CFM
Number of blades

Blade diameter
Motor horsepower

Motor RPM for each speed

Coil
Face area (ft2)

Tube spacing (in)
Tube rows

Tubing
Material

Diameter (in)
Thickness (in)

Rifled?

Fins
Material

Surface enhancement? (specify)
Dimensions (l x w x thickness)

Density (fins/in)

Expansion Device
Type

Make & model (if applicable)
Dimension (if applicable)

Reversing Valve (make/model)

Unit Descriptions

C
O
N
D
E
N
S
E
R

Evaporating Unit
Weight (lb)

Cabinet
Dimensions (l x w x h) (in)
Sheet metal thickness (in)

Fan
Number of blades

Blade diameter

Fan Motor CFM
Horsepower

RPM for each speed
Variable speed controller? (type, make, 

model)

Coil Height
Configuration

Face area (ft2)
Tube spacing (in)

Tube rows

Tubing
Material

Diameter (in)
Thickness (in)

Rifled?

Fins
Material

Surface enhancement? (type)
Dimensions (l x w x thickness) (in)

Density (fins/in)

Other Devices

Time delay relay? (type, make/model)
Liquid line solenoid? (make & model)

Filter/dryer? (make, model)

Demand defrost? (method)

O
T
H
E
R

E
V
A
P
O
R
A
T
O
R

Figure C.6  Sample Data Fields from Manufacturing Data
Sheet

larger equipment requires more storage and assembly space than a plant dedicated to producing
smaller equipment.

C.6.1.3   Purchased Parts Sheet

Three types of data are found on the Purchased Parts page: major purchased components
unique to each model; minor, common purchased components used by every model; and, raw
material costs for parts that are fabricated in-house.

Major Purchased Components
Every major purchased part has its own data table, and every sample draws its information

from a line item in its table. The exact model numbers for major purchased parts are entered here
along with multiple price quotations and part weights. The quotations come from multiple sources
and are discounted as appropriate. These tables determine at least 45 percent of total cost. The weight
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Figure C.7   Sample Raw Material Data Tables and Part Price List from the
Purchased Parts Sheet

and minimum cost for each line item is passed on the BOM page, which queries the results by unit
number. 

Minor, Common Purchased Components
These include items such as connectors, wire, fasteners, board transformers, and other smaller

parts that OEMs are likely to purchase from outside suppliers. We gathered price quotations from
multiple sources (suppliers, distributors, prior experience) in quantities that are typical for OEMs.
We then passed the lowest price on to the BOM entry which queries the table unless we had reason
to believe that a higher price was more credible.

Raw Material Costs
When parts are made in-house from materials such as pre-painted sheet metal, the main

model estimates the cost of the part from the cost of its raw material. We obtained raw material
prices from common suppliers in volumes typical for OEM requirements. The BOM scales the
material price for each fabricated part based on the calculated weight of the part and its price per unit
of weight.

We assume that OEMs fabricate most of these parts themselves. One general exception is
plastic parts, which require a different set of skills and facilities than typical OEMs possess. The
price of a plastic part is a function of the underlying value of the resin, and an assumed cost to
manufacture the part (including the tool) with an applied gross margin. A purchased part premium
applies to any fabricated part, including a plastic part, that we assume is manufactured elsewhere.
The purchased parts premium is set at 150 percent over the underlying material cost. Given that few
parts meet this description, this simplification has only a slight impact on the overall cost estimate
for the equipment.
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Powder Lg Press Med Press Sm Press
Fixturing Coating (1500 ton) (600 ton) (100 ton)
$231,105 $0 $2,734,747 $1,309,597 $153,814

5 12 20 15 10
$58,250 $0 $172,322 $110,027 $19,384
$79,811 $0 $437,561 $232,148 $33,312

Y N N N N
1.00 0.00 1.50 1.00 1.00

See Below $0.20 $0.10 $0.05

Dedicated Equipnment?
People per Machine

Consumables Cost ($/sec)

Equipment Cost ($/Unit)
Depreciation Life

Straight Depreciation per piece of Equipment / Year
Finance Cost per piece per year

Figure C.8  Sample from Equipment Data Sheet

C.6.1.4   Bill-of-Materials Sheet

The Bill-of-Material (as illustrated in Figure C.1 and discussed in Section C.4 of this
Appendix), serves as a structured assembly tree, summarizes fabrication and assembly tool data, and
calculates production costs based on the price of the part or material and the labor and machinery
required to fabricate or assemble it. The BOM sheet also adjusts many other costs in response to
changes in physical parameters. For example, the model adjusts baseline sheet metal sizes to
incorporate different enclosure sizes.  The size of the fiberglass (FG) insulation is a function of the
sheet metal it has to cover and the efficiency level of the unit (insulation is thicker at higher
efficiencies). Many fastener quantities and labor costs are also a function of the sheet metal walls
they are to secure. The result is that every unit cost estimate is unique, using the initial BOM as a
starting point.

Labor, parts, materials, and depreciation costs are aggregated by sub-assembly and linked
back to the Global Controls page.

C.6.1.5   Equipment Data Sheet

This page is a list of the installed costs for all the plant machinery involved in the production
of the CAC samples. An implicit assumption is that the plant equipment required to produce lower
efficiency samples is also able to produce higher efficiency samples without any modification. The
equipment data shows installed equipment costs, depreciation life, whether equipment is dedicated,
labor requirements per station, and consumables costs.  The installed costs include price quotations
for the equipment plus markups to account for installation labor and auxiliary equipment.

C.6.2 Coil Model

The coil model converts each coil’s physical descriptors into coil costs by calculating the
number of fins, hairpin bends, U-bends, take-offs, and coil ends. The model accounts for tube
diameters, spacing, material choices and thickness, rifling, and other physical characteristics that
affect coil cost. It relies on a process-based cost model that accounts for every fabrication and
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Fin Line

Hairpin
Bender

Expander

Sizing &
Ring

Machine

Return
Bend

Cleaner
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To Mfg
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Lacing
Table

Return
Bend
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Coil Stock

Al Fin
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Copper
Coil Stock
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End Stock

Figure C.9   Flow Diagram for Coil Model

assembly step. We obtained fabrication equipment costs and processing times from equipment
vendors and raw material prices from vendors based on their pricing at the time. 

Our coil flow diagram (Figure C.9) represents a state-of-the-art coil manufacturing facility
sized for high-volume production. While this coil line may not be representative of all manufacturing
facilities, we assume it to be representative in general. 

The coil and main cost models work together. The equipment data sheets in the main model
supplied the coil parameters, and the coil cost and weight results were returned to the main model.
Any update in either model is automatically reflected in the other model.

Because our computational power was limited, we severed the links between the main model
and the coil model during a Monte Carlo analysis. However, the effects of the Monte Carlo analysis
on coil results were easily incorporated within the main model. For example, if when labor costs
varied in the main model, the labor costs components of a coil would simply vary in proportion.
Thus, a large number of Monte Carlo trials (2,500 to 3,000) could be accommodated over the span
of a few hours.

Figure C.10 is a section of a row header for a indoor coil unit showing fin and U-bend
parameters. Weights and quantities are sent to the Manufacturing Data Sheet in the main model.
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Final Mass of Single Fin (lb)
# of Fins per Unit

Annual Fin Production (K)
Evap. Coil Fin Material

Evap. Fin Material Scrap (%)
Evap. Coil Fin Length (in)
Evap. Coil Fin Width (in)

Evap. Coil Fin Thckness (in)
Evap. Coil Density (fins/in)

# of Large U-Bend per Unit
Mass per U-Bend (lb)
# of U-Bends per Unit

Annual Production of U-Bends (K)
Length of U-Bends (in)

# of Coil Ends
Mass of each Coil End

Figure C.10   Coil model
output fields

1 2 3 4 5 6 7 8 9 10 11
Indirect Maintenance Utilities

Direct Indirect Coil Ends Tube Fin U-Bend Materials Equipment Bldg
Low Level Labor Material Prices

Condenser Assy
Depreciation

Figure C.11   Coil manufacturing costs calculated in the coil model

The manufacturing costs for coils are also captured in a table. Figure C.11 illustrates the
header of the table which is linked back to the Manufacturer Data Sheet. Some of these costs are
direct costs, such as material costs used by the BOM Sheet, while others are overhead costs
referenced by the Global Controls page.
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APPENDIX D:  PRELIMINARY LIFE-CYCLE COST RESULTS 

 
This appendix contains the complete set of life-cycle cost (LCC) results for all the efficiency

improvement levels analyzed for central air conditioners and heat pumps.  For details on the
methodology used to calculate the LCC refer to Chapter 5.

The four sections that follow present the LCC results for each of the following four primary
product classes: split system central air conditioners, split system heat pumps, single package central
air conditioners, and single package heat pumps.  In each section, two subsections are provided based
on the type of manufacturer cost data; one subsection pertains to the LCC results based on the use
of ARI manufacturer cost data while the other subsection pertains to the results based on the use of
reverse engineering manufacturer cost data.  In each subsection results are presented for several
efficiency levels.  For each efficiency level, frequency and cumulative charts are provided showing
the distribution of expected LCC differences from the baseline design.
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Figure D.1 Split A/C, 11 SEER, ARI Costs: Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.2 Split A/C, 11 SEER, ARI Costs: Cumulative Chart of LCC Difference

D.1 SPLIT SYSTEM CENTRAL AIR CONDITIONER RESULTS

D.1.1 ARI manufacturer cost results
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Figure D.3 Split A/C, 12 SEER, ARI Costs: Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.4 Split A/C, 12 SEER, ARI Costs: Cumulative Chart of LCC Difference
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Figure D.5 Split A/C, 13 SEER, ARI Costs: Frequency Chart of LCC Difference
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Figure D.6 Split A/C, 13 SEER, ARI Costs: Cumulative Chart of LCC Difference
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Figure D.7   Split A/C, 14 SEER, ARI Costs: Frequency Chart of LCC Difference
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Figure D.8 Split A/C, 14 SEER, ARI Costs: Cumulative Chart of LCC Difference
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Figure D.9 Split A/C, 15 SEER, ARI Costs: Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.10 Split A/C, 15 SEER, ARI Costs: Cumulative Chart of LCC Difference
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Figure D.11 Split A/C, 11 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.12 Split A/C, 11 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference

D.1.2 Reverse Engineering manufacturer cost results
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Figure D.13  Split A/C, 12 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.14 Split A/C, 12 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.15 Split A/C, 13 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.16  Split A/C, 13 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.17  Split A/C, 14 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.18  Split A/C, 14 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.19  Split A/C, 15 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.20  Split A/C, 15 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.21 Split A/C, 16 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.22 Split A/C, 16 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.23 Split A/C, 17 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.24 Split A/C, 17 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.25   Split HP, 11 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.26   Split HP, 11 SEER, ARI Costs, Cumulative Chart of LCC Difference

D.2 SPLIT SYSTEM HEAT PUMP RESULTS

D.2.1 ARI manufacturer cost results
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Figure D.27   Split HP, 12 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.28   Split HP, 12 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Figure D.30   Split HP, 13 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Figure D.29   Split HP, 13 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.31   Split HP, 14 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.32   Split HP, 14 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Figure D.33   Split HP, 15 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.34   Split HP, 15 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Figure D.35   Split HP, 11 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference
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Figure D.36   Split HP, 11 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference

D.2.2 Reverse Engineering manufacturer cost results
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Figure D.37   Split HP, 12 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference
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Figure D.38   Split HP, 12 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference
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Figure D.39   Split HP, 13 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.40   Split HP, 13 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference
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Frequency Chart
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Figure D.41   Split HP, 14 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.42   Split HP, 14 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference
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Frequency Chart
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Figure D.43   Split HP, 15 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.44   Split HP, 15 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference
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Figure D.45   Split HP, 16 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.46   Split HP, 16 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference
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Frequency Chart
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Figure D.47   Packaged A/C, 11 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.48   Packaged A/C, 11 SEER, ARI Costs, Cumulative Chart of LCC Difference

D.3 SINGLE PACKAGE CENTRAL AIR CONDITIONER RESULTS

D.3.1 ARI manufacturer cost results
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Frequency Chart
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Figure D.49   Packaged A/C, 12 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart

Certainty is 26.48% from -Infinity to $0 $
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Figure D.50   Packaged A/C, 12 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 5.46% from -Infinity to $0 $
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Figure D.51   Packaged A/C, 13 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart

Certainty is 5.46% from -Infinity to $0 $

Mean = $690
.000

.250

.500

.750

1.000

0

10000

($500) $0 $500 $1,000 $1,500

10,000 Trials    158 Outliers

Forecast: LCC Difference

Figure D.52   Packaged A/C, 13 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 4.03% from -Infinity to $0 $
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Figure D.53   Packaged A/C, 14 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.54   Packaged A/C, 14 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 2.03% from -Infinity to $0 $
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Figure D.55   Packaged A/C, 15 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.56   Packaged A/C, 15 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 57.71% from -Infinity to $0 $
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Figure D.57   Packaged A/C, 12 SEER, Rev. Eng. Costs, Frequency Chart of LCC
Difference

Cumulative Chart
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Figure D.58   Packaged A/C, 12 SEER, Rev. Eng. Costs, Cumulative Chart of LCC
Difference

D.3.2 Reverse Engineering manufacturer cost results
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Frequency Chart

Certainty is 16.93% from -Infinity to $0 $
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Figure D.59   Packaged A/C, 13 SEER, Rev. Eng. Costs, Frequency Chart of LCC
Difference

Cumulative Chart
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Figure D.60   Packaged A/C, 13 SEER, Rev. Eng. Costs, Cumulative Chart of LCC
Difference
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Frequency Chart

Certainty is 61.35% from -Infinity to $0
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Figure D.61   Packaged HP, 11 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart

Certainty is 61.35% from -Infinity to $0
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Figure D.62   Packaged HP, 11 SEER, ARI Costs, Cumulative Chart of LCC Difference

D.4 SINGLE PACKAGE HEAT PUMP RESULTS

D.4.1 ARI manufacturer cost results
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Frequency Chart

Certainty is 58.45% from -Infinity to $0
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Figure D.63   Packaged HP, 12 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.64   Packaged HP, 12 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 21.69% from -Infinity to $0
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Figure D.65   Packaged HP, 13 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.66   Packaged HP, 13 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 21.35% from -Infinity to $0
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Figure D.67   Packaged HP, 14 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart

Certainty is 21.35% from -Infinity to $0
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Figure D.68   Packaged HP, 14 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Certainty is 10.48% from -Infinity to $0
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Figure D.69   Packaged HP, 15 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.70   Packaged HP, 15 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Certainty is 79.58% from -Infinity to $0
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Figure D.71   Packaged HP, 12 SEER, Rev. Eng. Costs, Frequency Chart of LCC
Difference

Cumulative Chart
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Figure D.72   Packaged HP, 12 SEER, Rev. Eng. Costs, Cumulative Chart of LCC
Difference

D.4.2 Reverse Engineering manufacturer cost results
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APPENDIX E: PRELIMINARY NATIONAL ENERGY SAVINGS AND
NATIONAL NET PRESENT VALUE RESULTS

This appendix contains the complete set of national energy savings (NES) and national net
present value (NPV) results for all the standard levels analyzed for central air conditioners and heat
pumps.  For details on the methodology used to calculate the NES and NPV refer to Chapter 7.

National energy savings are calculated by comparing the energy consumption associated with
central air conditioners or heat pumps in a base case with that in a specified standards case.  The
following tables and figures show the results for each of the standards cases assessed in this analysis.
For each standards case two tables are presented.  The first table shows cumulative energy savings
from the assumed effective date of the standard (2006) to the years 2010, 2020 and 2030.  The
second table shows net present values (including energy savings and equipment cost) from 2006 to
2030 discounted at 7% real to the year 1998.  Benefit-to-cost ratios are also presented.  The
accompanying figure for each standard case shows the annual benefit-to-cost pattern of national
savings and costs resulting from standards over time.  The heavy line running just below the energy
and water savings bars indicates the undiscounted net national consumer impact of standards over
time.  It is important to note that the net saving shown in each plot only captures a snapshot of each
year.  For example, the benefit of the energy savings from the equipment expenditure in year 2006
actually continues through the lifetime of the central air conditioner or heat pump bought in 2006.

The four sections that follow present the NES and NPV results for each of the following four
primary product classes: split system central air conditioners, split system heat pumps, single
package central air conditioners, and single package heat pumps.  In each section, two subsections
are provided based on the type of manufacturer cost data; one subsection pertains to the NES and
NPV results based on the use of ARI manufacturer cost data while the other subsection pertains to
the results based on the use of reverse engineering manufacturer cost data.  In each subsection results
are presented for several standard levels. 
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.1 Split A/C, 11 SEER, ARI Costs: Net Savings

E.1 SPLIT SYSTEM CENTRAL AIR CONDITIONERS

E.1.1 ARI manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.04    
   to 2020 0.30    
   to 2030 0.71    

Table E.1.1 Split A/C, 11 SEER, ARI
Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998
  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.49   
     Total Equipment Cost 1.76   
     Net Present Benefit -0.27   

     Benefit/Cost Ratio 0.85   

Table E.1.2 Split A/C, 11 SEER, ARI
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.2   Split A/C, 12 SEER, ARI Costs: Net Savings

Electricity Savings in Quads

   from 2006
   to 2010 0.14    
   to 2020 1.07    
   to 2030 2.58    

Table E.2.1  Split A/C, 12 SEER, ARI Costs:
Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 5.31   
     Total Equipment Cost 8.06   
     Net Present Benefit -2.75   

     Benefit/Cost Ratio 0.66   

Table E.2.2  Split A/C, 12 SEER, ARI Costs:
Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.3   Split A/C, 13 SEER, ARI Costs: Net Savings

Electricity Savings in Quads

   from 2006
   to 2010 0.24    
   to 2020 1.75    
   to 2030 4.28    

Table E.3.1  Split A/C, 13 SEER, ARI Costs:
Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 8.24   
     Total Equipment Cost 15.77   
     Net Present Benefit -7.53   

     Benefit/Cost Ratio 0.52   

Table E.3.2  Split A/C, 13 SEER, ARI Costs:
Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.4 Split A/C, 14 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.33    
   to 2020 2.33    
   to 2030 5.76    

Table E.4.1  Split A/C, 14 SEER, ARI Costs:
Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 10.38   
     Total Equipment Cost 26.03   
     Net Present Benefit -15.64   

     Benefit/Cost Ratio 0.40   

Table E.4.2  Split A/C, 14 SEER, ARI Costs:
Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.5 Split A/C, 15 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.39    
   to 2020 2.78    
   to 2030 6.97    

Table E.5.1  Split A/C, 15 SEER, ARI Costs:
Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 11.87   
     Total Equipment Cost 33.85   
     Net Present Benefit -21.98   

     Benefit/Cost Ratio 0.35   

Table E.5.2 Split A/C, 15 SEER, ARI Costs:
Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.6   Split A/C, 11 SEER, Rev. Eng. Costs: Net Saving

E.1.2 Reverse Engineering manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.04    
   to 2020 0.29    
   to 2030 0.70    

Table E.6.1  Split A/C, 11 SEER, Rev.
Eng. Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.50   
     Total Equipment Cost 1.43   
     Net Present Benefit 0.07   

     Benefit/Cost Ratio 1.05   

Table E.6.2 Split A/C, 11 SEER, Rev.
Eng Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.7   Split A/C, 12 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.14    
   to 2020 1.04    
   to 2030 2.51    

Table E.7.1  Split A/C, 12 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 5.37   
     Total Equipment Cost 5.45   
     Net Present Benefit -0.08   

     Benefit/Cost Ratio 0.99   

Table E.7.2 Split A/C, 12 SEER, Rev. Eng
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.8   Split A/C, 13 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.23    
   to 2020 1.70    
   to 2030 4.13    

Table E.8.1  Split A/C, 13 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 8.47   
     Total Equipment Cost 10.31   
     Net Present Benefit -1.84   

     Benefit/Cost Ratio 0.82   

Table E.8.2 Split A/C, 13 SEER, Rev. Eng
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.9   Split A/C, 14 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.31    
   to 2020 2.27    
   to 2030 5.57    

Table E.9.1  Split A/C, 14 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 10.79   
     Total Equipment Cost 19.17   
     Net Present Benefit -8.37   

     Benefit/Cost Ratio 0.56   

Table E.9.2 Split A/C, 14 SEER, Rev. Eng
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006
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Figure E.10   Split A/C, 15 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.37    
   to 2020 2.72    
   to 2030 6.74    

Table E.10.1  Split A/C, 15 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 12.73   
     Total Equipment Cost 24.81   
     Net Present Benefit -12.08   

     Benefit/Cost Ratio 0.51   

Table E.10.2 Split A/C, 15 SEER, Rev. Eng
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.11   Split HP, 11 SEER, ARI Costs: Net Saving

E.2 SPLIT SYSTEM HEAT PUMP RESULTS

E.2.1 ARI manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.00    
   to 2020 0.02    
   to 2030 0.06    

Table E.11.1  Split HP, 11 SEER, ARI
Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.06   
     Total Equipment Cost 0.06   
     Net Present Benefit 0.01   

     Benefit/Cost Ratio 1.10   

Table E.11.2 Split HP, 11 SEER, ARI
Costs: Cost and Net Present Value



E-13

Heat Pump Standards in 2006
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Figure E.12   Split HP, 12 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.07    
   to 2020 0.50    
   to 2030 1.25    

Table E.12.1  Split HP, 12 SEER, ARI Costs:
Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 2.04   
     Total Equipment Cost 2.62   
     Net Present Benefit -0.58   

     Benefit/Cost Ratio 0.78   

Table E.12.2 Split HP, 12 SEER, ARI Costs:
Cost and Net Present Value
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Heat Pump Standards in 2006
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Figure E.13   Split HP, 13 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.15    
   to 2020 1.13    
   to 2030 2.87    

Table E.13.1  Split HP, 13 SEER, ARI Costs:
Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 4.47   
     Total Equipment Cost 6.07   
     Net Present Benefit -1.61   

     Benefit/Cost Ratio 0.74   

Table E.13.2 Split HP, 12 SEER, ARI Costs:
Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.14   Split HP, 14 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.23    
   to 2020 1.67    
   to 2030 4.25    

Table E.14.1  Split HP, 14 SEER, ARI Costs:
Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 6.52   
     Total Equipment Cost 9.34   
     Net Present Benefit -2.81   

     Benefit/Cost Ratio 0.70   

Table E.14.2 Split HP, 14 SEER, ARI Costs:
Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.15   Split HP, 15 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.31    
   to 2020 2.26    
   to 2030 5.77    

Table E.15.1  Split HP, 15 SEER, ARI Costs:
Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 7.62   
     Total Equipment Cost 15.79   
     Net Present Benefit -8.17   

     Benefit/Cost Ratio 0.48   

Table E.14.2 Split HP, 14 SEER, ARI Costs:
Cost and Net Present Value
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Heat Pump Standards in 2006
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Figure E.16   Split HP, 11 SEER, Rev. Eng. Costs: Net Saving

E.2.2 Reverse Engineering manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.00    
   to 2020 0.01    
   to 2030 0.03    

Table E.16.1  Split HP, 11 SEER, Rev.
Eng. Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.06   
     Total Equipment Cost 0.01   
     Net Present Benefit 0.05   

     Benefit/Cost Ratio 7.77   

Table E.16.2  Split HP, 11 SEER, Rev.
Eng. Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6
2005 2010 2015 2020 2025 2030

Price Change

Energy Saving

Net Saving

Figure E.17   Split HP, 12 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.06    
   to 2020 0.45    
   to 2030 1.12    

Table E.17.1  Split HP, 12 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 2.06   
     Total Equipment Cost 1.61   
     Net Present Benefit 0.46   

     Benefit/Cost Ratio 1.28   

Table E.17.2  Split HP, 12 SEER, Rev. Eng.
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.18   Split HP, 13 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.15    
   to 2020 1.11    
   to 2030 2.81    

Table E.18.1  Split HP, 13 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 4.50   
     Total Equipment Cost 6.00   
     Net Present Benefit -1.49   

     Benefit/Cost Ratio 0.75   

Table E.18.2  Split HP, 13 SEER, Rev. Eng.
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0
2005 2010 2015 2020 2025 2030

Price Change

Energy Saving

Net Saving

Figure E.19   Split HP, 14 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.24    
   to 2020 1.73    
   to 2030 4.40    

Table E.19.1  Split HP, 14 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 6.47   
     Total Equipment Cost 10.81   
     Net Present Benefit -4.34   

     Benefit/Cost Ratio 0.60   

Table E.19.2  Split HP, 14 SEER, Rev. Eng.
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.20 Split HP, 15 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.30    
   to 2020 2.17    
   to 2030 5.55    

Table E.20.1  Split HP, 15 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 7.81   
     Total Equipment Cost 14.05   
     Net Present Benefit -6.23   

     Benefit/Cost Ratio 0.56   

Table E.20.2  Split HP, 15 SEER, Rev. Eng.
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.21, Pack. A/C, 11 SEER, ARI Costs: Net Saving

E.3 SINGLE PACKAGE CENTRAL AIR CONDITIONER RESULTS

E.3.1 ARI manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.01    
   to 2020 0.05    
   to 2030 0.11    

Table E.21.1 Package A/C, 11 SEER,
ARI Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.24   
     Total Equipment Cost 0.45   
     Net Present Benefit -0.21   

     Benefit/Cost Ratio 0.53   

Table E.21.1 Package A/C, 11 SEER,
ARI Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.22   Package A/C, 12 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.02    
   to 2020 0.17    
   to 2030 0.41    

Table E.22.1 Package A/C, 12 SEER, ARI
Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.84   
     Total Equipment Cost 1.18   
     Net Present Benefit -0.34   

     Benefit/Cost Ratio 0.71   

Table E.22.2 Package A/C, 12 SEER, ARI
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006
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Figure E.23   Package A/C, 13 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.04    
   to 2020 0.27    
   to 2030 0.67    

Table E.23.1 Package A/C, 13 SEER, ARI
Costs: Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.30   
     Total Equipment Cost 3.23   
     Net Present Benefit -1.94   

     Benefit/Cost Ratio 0.40   

Table E.23.2 Package A/C, 13 SEER, ARI
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006
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Figure E.24   Package A/C, 14 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.05    
   to 2020 0.36    
   to 2030 0.90    

Table E.24.1 Package A/C, 14 SEER, ARI
Costs: Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.63   
     Total Equipment Cost 4.47   
     Net Present Benefit -2.84   

     Benefit/Cost Ratio 0.37   

Table E.24.2 Package A/C, 14 SEER, ARI
Costs: Cost and Net Present Value
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Figure E.25   Package A/C, 15 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.06    
   to 2020 0.43    
   to 2030 1.09    

Table E.25.1 Package A/C, 15 SEER, ARI
Costs: Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.87   
     Total Equipment Cost 6.16   
     Net Present Benefit -4.29   

     Benefit/Cost Ratio 0.30   

Table E.25.2 Package A/C, 15 SEER, ARI
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006
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Figure E.26   Package A/C, 12 SEER, Rev. Eng. Costs: Net Saving

E.3.2 Reverse Engineering manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.02    
   to 2020 0.16    
   to 2030 0.40    

Table E.26.1 Package A/C, 12 SEER,
Rev. Eng. Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.85   
     Total Equipment Cost 0.62   
     Net Present Benefit 0.22   

     Benefit/Cost Ratio 1.36   

Table E.26.2 Package A/C, 12 SEER, Rev.
Eng. Costs: Cost and Net Present Value
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Figure E.27   Package A/C, 13 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.04    
   to 2020 0.27    
   to 2030 0.65    

Table E.27.1 Package A/C, 13 SEER, Rev.
Eng. Costs: Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.33   
     Total Equipment Cost 2.35   
     Net Present Benefit -1.02   

     Benefit/Cost Ratio 0.57   

Table E.27.2 Package A/C, 13 SEER, Rev.
Eng. Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.28   Pack. HP, 11 SEER, ARI Costs: Net Saving

E.4 SINGLE PACKAGE HEAT PUMP RESULTS

E.4.1 ARI manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.00    
   to 2020 0.00    
   to 2030 0.01    

Table E.28.1 Package HP, 11 SEER,
ARI Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.01   
     Total Equipment Cost 0.01   
     Net Present Benefit 0.00   

     Benefit/Cost Ratio 0.82   

Table E.28.2 Package HP, 11 SEER,
ARI Costs: Cost and Net Present Value
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Figure E.29   Package HP, 12 SEER, ARI Costs: Net Savings

Electricity Savings in Quads

   from 2006
   to 2010 0.01    
   to 2020 0.08    
   to 2030 0.21    

Table E.29.1  Package HP, 12 SEER, ARI
Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.34   
     Total Equipment Cost 0.42   
     Net Present Benefit -0.08   

     Benefit/Cost Ratio 0.81   

Table E.29.2  Package HP, 11 SEER, ARI
Costs: Cost and Net Present Value
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Figure E.30   Package HP, 13 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.03    
   to 2020 0.19    
   to 2030 0.48    

Table E.30.1  Package HP, 13 SEER, ARI
Costs: Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.75   
     Total Equipment Cost 1.32   
     Net Present Benefit -0.57   

     Benefit/Cost Ratio 0.57   

Table E.30.2  Package HP, 13 SEER, ARI
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.31   Package HP, 14 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.04    
   to 2020 0.28    
   to 2030 0.71    

Table E.31.1  Package HP, 14 SEER, ARI
Costs: Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.09   
     Total Equipment Cost 1.70   
     Net Present Benefit -0.60   

     Benefit/Cost Ratio 0.64   

Table E.31.2  Package HP, 14 SEER, ARI
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006
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Figure E.32   Package HP, 15 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.05    
   to 2020 0.37    
   to 2030 0.96    

Table E.32.1  Package HP, 15 SEER, ARI
Costs: Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.28   
     Total Equipment Cost 2.54   
     Net Present Benefit -1.26   

     Benefit/Cost Ratio 0.50   

Table E.32.2  Package HP, 15 SEER, ARI
Costs: Cost and Net Present Value
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Figure E.33   Pack. HP, 12 SEER, Rev. Eng. Costs: Net Saving

E.4.2 Reverse Engineering manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.01    
   to 2020 0.07    
   to 2030 0.19    

Table E.33.1  Package HP, 12 SEER,
Rev. Eng. Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.35   
     Total Equipment Cost 0.25   
     Net Present Benefit 0.09   

     Benefit/Cost Ratio 1.37   

Table E.33.2  Package HP, 12 SEER, Rev.
Eng. Costs: Cost and Net Present Value
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APPENDIX F:  GOVERNMENT REGULATORY IMPACT MODEL (GRIM)

F.1 INTRODUCTION AND PURPOSE

The purpose of the Government Regulatory Impact Model (GRIM) is to help identify the
effects of various efficiency regulations and other regulations on manufacturers. The basic mode of
analysis is to determine the change in value of the manufacturers(s) following a regulation or a series
of regulations. The model structure also allows an analysis of multiple products with regulations
taking effect over a period of time, and of multiple regulations on the same product.

Industry value is defined, for the purposes of this analysis as the present value of cash flows
for the manufacturer(s) in question. Cash flow is calculated by the user entering shipment volumes
and manufacturer prices (i.e., prices from manufacturers to the first customer, such as a wholesaler)
and then selecting user-defined regulatory levels. The model calculates the actual cash flows by year
and then determines the present value of those cash flows both without regulations (the pre-
regulation base case) and with regulations (the post-regulation standards case).

Output comes from the model in terms of summary statistics, graphs of major variables, and,
when appropriate, access to the complete cash flow calculation.

F.2 MODEL DESCRIPTION

The basic structure of the GRIM is a standard annual cash flow analysis consisting of a set
of input sheets and output sheets. Input sheets contain several types of  assumptions and projections:

C shipment projections
C product price projections
C industrial financial ratios and data
C discount rates

Output sheets display accounting projections for a base case (no new standard) and standard case
based on the inputs. These include:

C income statement
C cash flow statement
C industry present value

Section E.3 provides an example of the Major Assumptions input sheet and Section E.4 gives an
example of the Income and Cash Flow output sheet along with some definitions of key financial
terms.
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Assumptions Page for 
Central AC and Heat Pumps

Scenario Description Central AC and Heat Pumps

Base Year Beginning year for analytical purposes
Announcement Year Year in which the regulation announcement is made
Standard  Year Year in which the regulation takes effect
Terminal Year Final year used to calculate industry value

Tax Rate
Discount Rate for NPV
Inflation Rate
Working Capital
Net  Property, Plant & Equipment of Revenue

Split System Packaged Split System Packaged
CAC CAC Heat Pump Heat Pump

Market Share

Split System Packaged Split System Packaged
CAC CAC Heat Pump Heat Pump

10 SEER
11 SEER
12 SEER
13 SEER
14 SEER

Base Year Unit Sales (000,000)

Standard SG&A of Revenue
Research and Development of Revenue
Ordinary Depreciation of Revenue
Ordinary Capital Expenditures of Revenue

Variable Overhead as % of Total

Trial Standards Level
=> Efficiency Improvement of over Baseline SEER
11 SEER Market Share
12 SEER Market Share
13 SEER Market Share
14 SEER Market Share

100% 100% 100% 100%

baseline non-baseline

Incremental Markup
Split System Packaged Split System Packaged

Manufacturing Costs CAC CAC Heat Pump Heat Pump
Materials / Unit
Labor / Unit
Overhead / Unit (incl. Depreciation)
Incremental Fixed Costs

Standard Year Unit Price ($) baseline unit prices
Standard Year Unit Sales (000,000) baseline unit shipments

Conversion Costs
Capital Expenditures ($000,000)
Amortization period years
Product Conversion Costs ($000,000)

Base Year Unit Prices

Incremental Cost in Standard Year

Base Year

F.3 SAMPLE MAJOR ASSUMPTIONS INPUT SHEET
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Central AC and Heat Pumps
BASE CASE SCENARIO Base  Year

1999 2000 2001 2002
(1) Income Statement

(2) Price per unit
(3) Unit Sales -           -           -           -           
(4) Revenues -           -           -           -           

(11) Cost of Sales
(7) Labor -           -           -           -           
(8) Material -           -           -           -           
(9) Overhead - Fixed -           -           -           -           
(9) Overhead - Variable -           -           -           -           
(10) Depreciation

Selling, General and Administrative
(12) Standard SG&A -          -          -          -          
(13) R&D -          -          -          -          
(14) Product Conversion Expense -          -          -          -          

(15) Profit Before Tax -          -          -          -          

(16) Taxes -          -          -          -          

(17) Net Income Before Financing -          -          -          -          

(18) Cash Flow Statement 
(19) Net Income -          -          -          -          
(20) Depreciation -          -          -          -          
(21) Change in Working Capital -           -           -           -           

(22) Cash Flows from Operations -          -          -          -          

(23) Ordinary Capital Expenditures -          -          -          -          
(24) Conversion Capital Expenditures -           -           -           -           

(25) Cash Used In Investment -          -          -          -          

(26) Net Cash Flow -          -          -          -          
Terminal Value -          -          -          -          
Present Value Factor -           -           -           -           
Discounted Cash Flow -          -          -          -          

(27) Industry Value thru terminal year -$                  

F.4 SAMPLE INCOME AND CASH FLOW STATEMENT
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(1) Income Statement: Overall calculation of Net Income Before Financing (17)
using revenue and cost items subject to income tax effects
as described in (2) through (17).

(2) Price/Unit: Actual manufacturer unit price charged to the first level of
distribution (distributor, retailer, etc.).
Price of baseline unit from the Engineering Analysis.
Price of higher efficiency unit = Price of Baseline Unit +
(Incremental Mfg. Cost) * (Mfg. Markup)

It can also be entered as an input by the user.

(3) Unit Sales: Annual shipments for the industry will be obtained from the
National Energy Savings Spreadsheet. 

It can also be entered as an input by the user.

(4) Revenues: Annual revenues; computed by multiplying Price/Unit (2)
by Unit Sales (3). 

(5) Base Costs: Costs per unit prior to regulations from the Engineering
Analysis.

(6) New Costs: Costs per unit following regulations from the Engineering
Analysis.
 

(7) Labor: Factory direct labor and fringe benefit costs from the
Engineering Analysis.  

New Labor Cost = Baseline Labor Cost +
         Incremental Labor Cost

(8) Material: Cost of purchased materials and components from the
Engineering Analysis. 

New Material Cost = Baseline Material Cost +  
           Incremental Material Cost

(9) Overhead: Factory overhead excluding depreciation. Overhead is
treated as both fixed and variable, with the percentage of
overhead (excluding depreciation) that is variable set under
the Major Assumptions. From the Engineering Analysis.
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(10) Depreciation: Annual depreciation on pre-regulation assets; computed as
a percentage of Revenues (4). Annual depreciation on post-
regulation assets is computed by dividing Conversion
Capital Expenditures (25) by a useful life from Major
Assumptions. For post-regulation years, Depreciation is the
sum of depreciation on pre- and post-regulation assets.
From the Engineering Analysis as refined during the MIA.
Pre-regulation:  Depreciation = % of annual revenues
Post-regulation: Depreciation = Depreciation_Pre-
regulation + (Conversion Capital Exp./Useful_ life)

(11) Cost of Sales: Total cost of sales, computed by adding Labor (7),
Material (8), Overhead (9) and Depreciation (10).

(12) SG&A: Selling, general and administrative costs as a percentage of
Revenues (4) from the Engineering Analysis as refined
during the MIA.

(13) R&D: Research and development costs unrelated to regulations;
computed as a percentage of Revenues (4) from the
Engineering Analysis as refined during the MIA.

(14) Product Conversion: Expensable costs related to meeting a regulation, often
including product redesign costs and expensable factory
conversion expenses. Also includes costs incurred for new
product literature and catalogs, product obsolescence, and
various related marketing expenses. GRIM allocates these
costs over a number of years. From the MIA.

 (15) Profit Before Tax: Profit before taxes and any financing costs; computed by
subtracting Cost of Sales (11), SG&A (12), R&D (13), and
Product Conversion (14) from Revenues (4).

(16) Taxes: Taxes on Profits Before Tax; computed by multiplying the
tax rate contained in Major Assumptions by Profit Before
Tax (15).

(17) Net Income Before Profits after taxes; computed by subtracting Taxes 
Financing: from Profit Before Tax (15).

(18) Cash Flow Statement: Overall assessment including net income, other cash related
items and adjustments and investments.
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(19) Net Income: Net income; identical to Net Income Before Financing
(17).

(20) Depreciation: Depreciation is a non-cash cost and is added back into Net
Income (19) as part of the cash flow calculation; identical
to Depreciation (10).

(21) Change in Working Capital: Additional accounts receivable, inventory, and other cash
investments necessary to support increased revenues;
computed by multiplying a percentage from Major
Assumptions by the change in Revenues (4).

(22) Cash Flow from Operations: The cash flow from operating activities; computed by
adding Net Income (19), Depreciation (20) and subtracting
Change in Working Capital (21).

(23) Capital Expenditures: Investment to maintain and replace existing production
assets; computed as a percentage of Revenues (4) using a
percentage contained in Major Assumptions. Post-
regulation capital expenditures equal pre-regulation
expenditures plus depreciation on Conversion Capital
Expenditures (24).

Pre-regulation:  Capital Exp. = % of annual revenues
Post-regulation:  Capital Exp. = Capital Exp._Pre-
regulation + (Conversion Capital Exp./Useful_ life)

(24) Conversion Capital Exp.: Capital costs for meeting regulations, typically including
plant, equipment, tooling and the like. From the MIA.

(25) Cash Used in Investments: Cash required for assets; computed by adding Capital
Expenditures (23) and Conversion Capital Expenditures
(24).

(26) Net Cash Flow: Annual cash flow from operations and investments;
computed by subtracting Cash Used in Investments (25)
from Cash Flow from Operations (22).

(27) Post-Regulation Value: Value of the relevant industry following adoption and
implementation of the regulatory scenario; computed as the
present value of the annual Net Cash Flow (26) from the
base year to the terminal year, plus a terminal value based
on the final year’s cash flow valued as an annuity. The
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discounted rate for the present value is the “Discount Rate
for NPV” contained in Major Assumptions. Pre-regulation
value is computed in a similar way using base case Net
Cash Flows (26) and terminal value.
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.1 Split A/C, 11 SEER, ARI Costs: Net Savings

E.1 SPLIT SYSTEM CENTRAL AIR CONDITIONERS

E.1.1 ARI manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.04    
   to 2020 0.30    
   to 2030 0.71    

Table E.1.1 Split A/C, 11 SEER, ARI
Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998
  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.49   
     Total Equipment Cost 1.76   
     Net Present Benefit -0.27   

     Benefit/Cost Ratio 0.85   

Table E.1.2 Split A/C, 11 SEER, ARI
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.2   Split A/C, 12 SEER, ARI Costs: Net Savings

Electricity Savings in Quads

   from 2006
   to 2010 0.14    
   to 2020 1.07    
   to 2030 2.58    

Table E.2.1  Split A/C, 12 SEER, ARI Costs:
Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 5.31   
     Total Equipment Cost 8.06   
     Net Present Benefit -2.75   

     Benefit/Cost Ratio 0.66   

Table E.2.2  Split A/C, 12 SEER, ARI Costs:
Cost and Net Present Value



E-4

Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.3   Split A/C, 13 SEER, ARI Costs: Net Savings

Electricity Savings in Quads

   from 2006
   to 2010 0.24    
   to 2020 1.75    
   to 2030 4.28    

Table E.3.1  Split A/C, 13 SEER, ARI Costs:
Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 8.24   
     Total Equipment Cost 15.77   
     Net Present Benefit -7.53   

     Benefit/Cost Ratio 0.52   

Table E.3.2  Split A/C, 13 SEER, ARI Costs:
Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.4 Split A/C, 14 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.33    
   to 2020 2.33    
   to 2030 5.76    

Table E.4.1  Split A/C, 14 SEER, ARI Costs:
Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 10.38   
     Total Equipment Cost 26.03   
     Net Present Benefit -15.64   

     Benefit/Cost Ratio 0.40   

Table E.4.2  Split A/C, 14 SEER, ARI Costs:
Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.5 Split A/C, 15 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.39    
   to 2020 2.78    
   to 2030 6.97    

Table E.5.1  Split A/C, 15 SEER, ARI Costs:
Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 11.87   
     Total Equipment Cost 33.85   
     Net Present Benefit -21.98   

     Benefit/Cost Ratio 0.35   

Table E.5.2 Split A/C, 15 SEER, ARI Costs:
Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.6   Split A/C, 11 SEER, Rev. Eng. Costs: Net Saving

E.1.2 Reverse Engineering manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.04    
   to 2020 0.29    
   to 2030 0.70    

Table E.6.1  Split A/C, 11 SEER, Rev.
Eng. Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.50   
     Total Equipment Cost 1.43   
     Net Present Benefit 0.07   

     Benefit/Cost Ratio 1.05   

Table E.6.2 Split A/C, 11 SEER, Rev.
Eng Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.7   Split A/C, 12 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.14    
   to 2020 1.04    
   to 2030 2.51    

Table E.7.1  Split A/C, 12 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 5.37   
     Total Equipment Cost 5.45   
     Net Present Benefit -0.08   

     Benefit/Cost Ratio 0.99   

Table E.7.2 Split A/C, 12 SEER, Rev. Eng
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.8   Split A/C, 13 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.23    
   to 2020 1.70    
   to 2030 4.13    

Table E.8.1  Split A/C, 13 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 8.47   
     Total Equipment Cost 10.31   
     Net Present Benefit -1.84   

     Benefit/Cost Ratio 0.82   

Table E.8.2 Split A/C, 13 SEER, Rev. Eng
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.9   Split A/C, 14 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.31    
   to 2020 2.27    
   to 2030 5.57    

Table E.9.1  Split A/C, 14 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 10.79   
     Total Equipment Cost 19.17   
     Net Present Benefit -8.37   

     Benefit/Cost Ratio 0.56   

Table E.9.2 Split A/C, 14 SEER, Rev. Eng
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.10   Split A/C, 15 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.37    
   to 2020 2.72    
   to 2030 6.74    

Table E.10.1  Split A/C, 15 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 12.73   
     Total Equipment Cost 24.81   
     Net Present Benefit -12.08   

     Benefit/Cost Ratio 0.51   

Table E.10.2 Split A/C, 15 SEER, Rev. Eng
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.11   Split HP, 11 SEER, ARI Costs: Net Saving

E.2 SPLIT SYSTEM HEAT PUMP RESULTS

E.2.1 ARI manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.00    
   to 2020 0.02    
   to 2030 0.06    

Table E.11.1  Split HP, 11 SEER, ARI
Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.06   
     Total Equipment Cost 0.06   
     Net Present Benefit 0.01   

     Benefit/Cost Ratio 1.10   

Table E.11.2 Split HP, 11 SEER, ARI
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.12   Split HP, 12 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.07    
   to 2020 0.50    
   to 2030 1.25    

Table E.12.1  Split HP, 12 SEER, ARI Costs:
Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 2.04   
     Total Equipment Cost 2.62   
     Net Present Benefit -0.58   

     Benefit/Cost Ratio 0.78   

Table E.12.2 Split HP, 12 SEER, ARI Costs:
Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.13   Split HP, 13 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.15    
   to 2020 1.13    
   to 2030 2.87    

Table E.13.1  Split HP, 13 SEER, ARI Costs:
Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 4.47   
     Total Equipment Cost 6.07   
     Net Present Benefit -1.61   

     Benefit/Cost Ratio 0.74   

Table E.13.2 Split HP, 12 SEER, ARI Costs:
Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.14   Split HP, 14 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.23    
   to 2020 1.67    
   to 2030 4.25    

Table E.14.1  Split HP, 14 SEER, ARI Costs:
Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 6.52   
     Total Equipment Cost 9.34   
     Net Present Benefit -2.81   

     Benefit/Cost Ratio 0.70   

Table E.14.2 Split HP, 14 SEER, ARI Costs:
Cost and Net Present Value



E-16

Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.15   Split HP, 15 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.31    
   to 2020 2.26    
   to 2030 5.77    

Table E.15.1  Split HP, 15 SEER, ARI Costs:
Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 7.62   
     Total Equipment Cost 15.79   
     Net Present Benefit -8.17   

     Benefit/Cost Ratio 0.48   

Table E.14.2 Split HP, 14 SEER, ARI Costs:
Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.16   Split HP, 11 SEER, Rev. Eng. Costs: Net Saving

E.2.2 Reverse Engineering manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.00    
   to 2020 0.01    
   to 2030 0.03    

Table E.16.1  Split HP, 11 SEER, Rev.
Eng. Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.06   
     Total Equipment Cost 0.01   
     Net Present Benefit 0.05   

     Benefit/Cost Ratio 7.77   

Table E.16.2  Split HP, 11 SEER, Rev.
Eng. Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.17   Split HP, 12 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.06    
   to 2020 0.45    
   to 2030 1.12    

Table E.17.1  Split HP, 12 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 2.06   
     Total Equipment Cost 1.61   
     Net Present Benefit 0.46   

     Benefit/Cost Ratio 1.28   

Table E.17.2  Split HP, 12 SEER, Rev. Eng.
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.18   Split HP, 13 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.15    
   to 2020 1.11    
   to 2030 2.81    

Table E.18.1  Split HP, 13 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 4.50   
     Total Equipment Cost 6.00   
     Net Present Benefit -1.49   

     Benefit/Cost Ratio 0.75   

Table E.18.2  Split HP, 13 SEER, Rev. Eng.
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.19   Split HP, 14 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.24    
   to 2020 1.73    
   to 2030 4.40    

Table E.19.1  Split HP, 14 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 6.47   
     Total Equipment Cost 10.81   
     Net Present Benefit -4.34   

     Benefit/Cost Ratio 0.60   

Table E.19.2  Split HP, 14 SEER, Rev. Eng.
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.20 Split HP, 15 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.30    
   to 2020 2.17    
   to 2030 5.55    

Table E.20.1  Split HP, 15 SEER, Rev. Eng.
Costs: Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 7.81   
     Total Equipment Cost 14.05   
     Net Present Benefit -6.23   

     Benefit/Cost Ratio 0.56   

Table E.20.2  Split HP, 15 SEER, Rev. Eng.
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.21, Pack. A/C, 11 SEER, ARI Costs: Net Saving

E.3 SINGLE PACKAGE CENTRAL AIR CONDITIONER RESULTS

E.3.1 ARI manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.01    
   to 2020 0.05    
   to 2030 0.11    

Table E.21.1 Package A/C, 11 SEER,
ARI Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.24   
     Total Equipment Cost 0.45   
     Net Present Benefit -0.21   

     Benefit/Cost Ratio 0.53   

Table E.21.1 Package A/C, 11 SEER,
ARI Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.22   Package A/C, 12 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.02    
   to 2020 0.17    
   to 2030 0.41    

Table E.22.1 Package A/C, 12 SEER, ARI
Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.84   
     Total Equipment Cost 1.18   
     Net Present Benefit -0.34   

     Benefit/Cost Ratio 0.71   

Table E.22.2 Package A/C, 12 SEER, ARI
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006
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Figure E.23   Package A/C, 13 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.04    
   to 2020 0.27    
   to 2030 0.67    

Table E.23.1 Package A/C, 13 SEER, ARI
Costs: Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.30   
     Total Equipment Cost 3.23   
     Net Present Benefit -1.94   

     Benefit/Cost Ratio 0.40   

Table E.23.2 Package A/C, 13 SEER, ARI
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006
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Figure E.24   Package A/C, 14 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.05    
   to 2020 0.36    
   to 2030 0.90    

Table E.24.1 Package A/C, 14 SEER, ARI
Costs: Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.63   
     Total Equipment Cost 4.47   
     Net Present Benefit -2.84   

     Benefit/Cost Ratio 0.37   

Table E.24.2 Package A/C, 14 SEER, ARI
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.25   Package A/C, 15 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.06    
   to 2020 0.43    
   to 2030 1.09    

Table E.25.1 Package A/C, 15 SEER, ARI
Costs: Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.87   
     Total Equipment Cost 6.16   
     Net Present Benefit -4.29   

     Benefit/Cost Ratio 0.30   

Table E.25.2 Package A/C, 15 SEER, ARI
Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006

Cost and Savings of Central A/C
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Figure E.26   Package A/C, 12 SEER, Rev. Eng. Costs: Net Saving

E.3.2 Reverse Engineering manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.02    
   to 2020 0.16    
   to 2030 0.40    

Table E.26.1 Package A/C, 12 SEER,
Rev. Eng. Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.85   
     Total Equipment Cost 0.62   
     Net Present Benefit 0.22   

     Benefit/Cost Ratio 1.36   

Table E.26.2 Package A/C, 12 SEER, Rev.
Eng. Costs: Cost and Net Present Value
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Central Air Conditioner Standards in 2006
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Figure E.27   Package A/C, 13 SEER, Rev. Eng. Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.04    
   to 2020 0.27    
   to 2030 0.65    

Table E.27.1 Package A/C, 13 SEER, Rev.
Eng. Costs: Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.33   
     Total Equipment Cost 2.35   
     Net Present Benefit -1.02   

     Benefit/Cost Ratio 0.57   

Table E.27.2 Package A/C, 13 SEER, Rev.
Eng. Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.28   Pack. HP, 11 SEER, ARI Costs: Net Saving

E.4 SINGLE PACKAGE HEAT PUMP RESULTS

E.4.1 ARI manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.00    
   to 2020 0.00    
   to 2030 0.01    

Table E.28.1 Package HP, 11 SEER,
ARI Costs: Electricity Savings

Standard Level : 10% Impr. (SEER=11)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.01   
     Total Equipment Cost 0.01   
     Net Present Benefit 0.00   

     Benefit/Cost Ratio 0.82   

Table E.28.2 Package HP, 11 SEER,
ARI Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.29   Package HP, 12 SEER, ARI Costs: Net Savings

Electricity Savings in Quads

   from 2006
   to 2010 0.01    
   to 2020 0.08    
   to 2030 0.21    

Table E.29.1  Package HP, 12 SEER, ARI
Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.34   
     Total Equipment Cost 0.42   
     Net Present Benefit -0.08   

     Benefit/Cost Ratio 0.81   

Table E.29.2  Package HP, 11 SEER, ARI
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.30   Package HP, 13 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.03    
   to 2020 0.19    
   to 2030 0.48    

Table E.30.1  Package HP, 13 SEER, ARI
Costs: Electricity Savings

Standard Level : 30% Impr. (SEER=13)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.75   
     Total Equipment Cost 1.32   
     Net Present Benefit -0.57   

     Benefit/Cost Ratio 0.57   

Table E.30.2  Package HP, 13 SEER, ARI
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.31   Package HP, 14 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.04    
   to 2020 0.28    
   to 2030 0.71    

Table E.31.1  Package HP, 14 SEER, ARI
Costs: Electricity Savings

Standard Level : 40% Impr. (SEER=14)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.09   
     Total Equipment Cost 1.70   
     Net Present Benefit -0.60   

     Benefit/Cost Ratio 0.64   

Table E.31.2  Package HP, 14 SEER, ARI
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.32   Package HP, 15 SEER, ARI Costs: Net Saving

Electricity Savings in Quads

   from 2006
   to 2010 0.05    
   to 2020 0.37    
   to 2030 0.96    

Table E.32.1  Package HP, 15 SEER, ARI
Costs: Electricity Savings

Standard Level : 50% Impr. (SEER=15)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 1.28   
     Total Equipment Cost 2.54   
     Net Present Benefit -1.26   

     Benefit/Cost Ratio 0.50   

Table E.32.2  Package HP, 15 SEER, ARI
Costs: Cost and Net Present Value
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Heat Pump Standards in 2006

Cost and Savings of Heat Pumps
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Figure E.33   Pack. HP, 12 SEER, Rev. Eng. Costs: Net Saving

E.4.2 Reverse Engineering manufacturer cost results

Electricity Savings in Quads

   from 2006
   to 2010 0.01    
   to 2020 0.07    
   to 2030 0.19    

Table E.33.1  Package HP, 12 SEER,
Rev. Eng. Costs: Electricity Savings

Standard Level : 20% Impr. (SEER=12)

Cost and Net Present Values

  Discounted at 7% to year 1998

  From 2006 to 2030 (in billion 1998 $)

     Total Energy Saving 0.35   
     Total Equipment Cost 0.25   
     Net Present Benefit 0.09   

     Benefit/Cost Ratio 1.37   

Table E.33.2  Package HP, 12 SEER, Rev.
Eng. Costs: Cost and Net Present Value
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Figure D.1 Split A/C, 11 SEER, ARI Costs: Frequency Chart of LCC Difference
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Figure D.2 Split A/C, 11 SEER, ARI Costs: Cumulative Chart of LCC Difference

D.1 SPLIT SYSTEM CENTRAL AIR CONDITIONER RESULTS

D.1.1 ARI manufacturer cost results
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Figure D.3 Split A/C, 12 SEER, ARI Costs: Frequency Chart of LCC Difference
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Figure D.4 Split A/C, 12 SEER, ARI Costs: Cumulative Chart of LCC Difference
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Figure D.5 Split A/C, 13 SEER, ARI Costs: Frequency Chart of LCC Difference
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Figure D.6 Split A/C, 13 SEER, ARI Costs: Cumulative Chart of LCC Difference



D-5

Frequency Chart

Certainty is 6.06% from -Infinity to $0 $

Mean = $822
.000

.009

.018

.027

.036

0

89

178

267

356

($500) $125 $750 $1,375 $2,000

10,000 Trials    244 Outliers

Forecast: LCC Difference

Figure D.7   Split A/C, 14 SEER, ARI Costs: Frequency Chart of LCC Difference
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Figure D.8 Split A/C, 14 SEER, ARI Costs: Cumulative Chart of LCC Difference
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Figure D.9 Split A/C, 15 SEER, ARI Costs: Frequency Chart of LCC Difference
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Figure D.10 Split A/C, 15 SEER, ARI Costs: Cumulative Chart of LCC Difference
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Figure D.11 Split A/C, 11 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.12 Split A/C, 11 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference

D.1.2 Reverse Engineering manufacturer cost results
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Figure D.13  Split A/C, 12 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.14 Split A/C, 12 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.15 Split A/C, 13 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.16  Split A/C, 13 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.17  Split A/C, 14 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.18  Split A/C, 14 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.19  Split A/C, 15 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.20  Split A/C, 15 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.21 Split A/C, 16 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.22 Split A/C, 16 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.23 Split A/C, 17 SEER, Rev. Eng. Costs: Frequency Chart of LCC Difference
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Figure D.24 Split A/C, 17 SEER, Rev. Eng. Costs: Cumulative Chart of LCC Difference
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Figure D.25   Split HP, 11 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.26   Split HP, 11 SEER, ARI Costs, Cumulative Chart of LCC Difference

D.2 SPLIT SYSTEM HEAT PUMP RESULTS

D.2.1 ARI manufacturer cost results
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Figure D.27   Split HP, 12 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.28   Split HP, 12 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Figure D.30   Split HP, 13 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Figure D.29   Split HP, 13 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.31   Split HP, 14 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.32   Split HP, 14 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Figure D.33   Split HP, 15 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.34   Split HP, 15 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Figure D.35   Split HP, 11 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference

Cumulative Chart

Certainty is 98.56% from -Infinity to $0

Mean = ($306)
.000

.250

.500

.750

1.000

0

10000

($1,000) ($725) ($450) ($175) $100

10,000 Trials    202 Outliers

Forecast: LCC Difference

Figure D.36   Split HP, 11 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference

D.2.2 Reverse Engineering manufacturer cost results
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Frequency Chart

Certainty is 89.88% from -Infinity to $0
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Figure D.37   Split HP, 12 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.38   Split HP, 12 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 49.40% from -Infinity to $0
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Figure D.39   Split HP, 13 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference
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Figure D.40   Split HP, 13 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 26.75% from -Infinity to $0
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Figure D.41   Split HP, 14 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference
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Figure D.42   Split HP, 14 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 19.65% from -Infinity to $0
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Figure D.43   Split HP, 15 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.44   Split HP, 15 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 17.52% from -Infinity to $0
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Figure D.45   Split HP, 16 SEER, Rev. Eng. Costs, Frequency Chart of LCC Difference
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Figure D.46   Split HP, 16 SEER, Rev. Eng. Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 20.35% from -Infinity to $0 $
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Figure D.47   Packaged A/C, 11 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.48   Packaged A/C, 11 SEER, ARI Costs, Cumulative Chart of LCC Difference

D.3 SINGLE PACKAGE CENTRAL AIR CONDITIONER RESULTS

D.3.1 ARI manufacturer cost results
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Frequency Chart

Certainty is 26.48% from -Infinity to $0 $

Mean = $92
.000

.009

.018

.027

.037

0

91.5

183

274.5

366

($800) ($450) ($100) $250 $600

10,000 Trials    198 Outliers

Forecast: LCC Difference

Figure D.49   Packaged A/C, 12 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.50   Packaged A/C, 12 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 5.46% from -Infinity to $0 $
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Figure D.51   Packaged A/C, 13 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart

Certainty is 5.46% from -Infinity to $0 $
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Figure D.52   Packaged A/C, 13 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 4.03% from -Infinity to $0 $
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Figure D.53   Packaged A/C, 14 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart

Certainty is 4.03% from -Infinity to $0 $
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Figure D.54   Packaged A/C, 14 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 2.03% from -Infinity to $0 $
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Figure D.55   Packaged A/C, 15 SEER, ARI Costs, Frequency Chart of LCC Difference
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Certainty is 2.03% from -Infinity to $0 $
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Figure D.56   Packaged A/C, 15 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Frequency Chart

Certainty is 57.71% from -Infinity to $0 $
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Figure D.57   Packaged A/C, 12 SEER, Rev. Eng. Costs, Frequency Chart of LCC
Difference

Cumulative Chart
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Figure D.58   Packaged A/C, 12 SEER, Rev. Eng. Costs, Cumulative Chart of LCC
Difference

D.3.2 Reverse Engineering manufacturer cost results
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Frequency Chart

Certainty is 16.93% from -Infinity to $0 $
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Figure D.59   Packaged A/C, 13 SEER, Rev. Eng. Costs, Frequency Chart of LCC
Difference
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Figure D.60   Packaged A/C, 13 SEER, Rev. Eng. Costs, Cumulative Chart of LCC
Difference
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Frequency Chart

Certainty is 61.35% from -Infinity to $0
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Figure D.61   Packaged HP, 11 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.62   Packaged HP, 11 SEER, ARI Costs, Cumulative Chart of LCC Difference

D.4 SINGLE PACKAGE HEAT PUMP RESULTS

D.4.1 ARI manufacturer cost results
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Frequency Chart

Certainty is 58.45% from -Infinity to $0
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Figure D.63   Packaged HP, 12 SEER, ARI Costs, Frequency Chart of LCC Difference

Cumulative Chart
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Figure D.64   Packaged HP, 12 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Certainty is 21.69% from -Infinity to $0
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Figure D.65   Packaged HP, 13 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.66   Packaged HP, 13 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Certainty is 21.35% from -Infinity to $0
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Figure D.67   Packaged HP, 14 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.68   Packaged HP, 14 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Certainty is 10.48% from -Infinity to $0
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Figure D.69   Packaged HP, 15 SEER, ARI Costs, Frequency Chart of LCC Difference
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Figure D.70   Packaged HP, 15 SEER, ARI Costs, Cumulative Chart of LCC Difference
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Certainty is 79.58% from -Infinity to $0
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Figure D.71   Packaged HP, 12 SEER, Rev. Eng. Costs, Frequency Chart of LCC
Difference
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Figure D.72   Packaged HP, 12 SEER, Rev. Eng. Costs, Cumulative Chart of LCC
Difference

D.4.2 Reverse Engineering manufacturer cost results
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Split AC Split HP Packaged
AC

Packaged
HP

Efficiency
Level

(SEER)

Outdoor
Unit

Indoor
Unit

Outdoor
Unit

Indoor
Unit

10 3% 7% 0% -2% 1% 2%

11 -6% 8%

12 6% 8% 6% -7% -2% 3%

13 -3% 18% 1% -4% 2%

14 -9% -1% -7% 4%

15 -14% -14% -22% -11%

16 -8% 1% -22% -16%

17 -8% -3%

Table C.1  Predicted versus Listed Equipment Weight

C.2.2 Packaged Heat Pump Tear-Down

We used the same processes and cost models to establish costs for 3 ton packaged systems
as we had for split systems. Since packaged systems have a significantly different configuration,
however, we tore down a representative 10 SEER packaged HP (PHP) model. As we had done for
split systems, we derived the packaged AC cost model directly from the PHP cost model by
removing HP-specific parts.

C.2.3 Confirming the Tear-Down Results

We confirmed our cost and weight predictions using a number of methods. Initially, we
compared shipping weight predictions with published shipping weights. Since cost and weight tend
to be highly correlated in manufactured goods, the ability to accurately predict weight is usually an
important indication of the accuracy of the cost model. However, we discovered that at least one
equipment manufacturer had published erroneous weight data. For example, the discrepancies at 16
and 17 SEER for evaporators are caused by inaccurate OEM submissions. Since we could not verify
all the published weights, we could not place as much confidence in the weight verification as we
would like.

Table C.1 below shows the degree to which the equipment weights we predict differ from
the weight listed by the manufacturer. Positive values denote where the model calculates weight in
excess of reported shipping weights.
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We attributed under-predictions primarily to the weight of non-efficiency items such as sound
blankets, cosmetic grilles, etc. found on today’s high efficiency equipment that we assume would
be omitted from those units once they became commodity units. Section 4.2.5 in the TSD describes
this concept more fully.

After the PHP tear-down and the quotation process, we also tore down a 12 SEER split HP
outdoor unit to verify some of our assumptions regarding  higher efficiency equipment. Even though
different OEMs produced our 10 and 12 SEER equipment samples the physical similarities between
the two models were striking. This tear-down was not meant to establish a BOM since we based the
BOM solely on the 10 SEER baseline. Rather, we wanted to confirm the components used in the
design and that the BOM model was using the correct component data. Our coil model predicted the
weight of the 12 SEER coil within ½ pound of its actual weight. The difference was due to the larger
end-plates of the coil which, being made of galvanized cold rolled steel, do not contribute
significantly to equipment cost. Furthermore, the 10 and 12 SEER defrost controllers were quite
similar despite being manufactured by different companies. 

C.3 SELECTING ADDITIONAL EQUIPMENT SAMPLES

Although we had detailed information on the three tear-down samples, we needed many more
samples to span a broad range of efficiency levels in each of the four product classes. That approach
would provide us discrete cost points to compare against the cost curves that ARI would provide.
We asked OEMs to provide us with a list of equipment models, one model at each efficiency level,
that they felt best represent baseline equipment. We then asked for detailed information on the
components and physical parameters that we identified as being related to the efficiency of the
product.

Four OEMs responded to our request and provided data to us directly for equipment they
considered to most closely represent baseline models at each efficiency level. That yielded
information on 62 samples. We supplemented that data with nine more selections from ARI’s
Unitary Directory and associated physical data from ARI’s Product Attribute database and OEM
literature. Where possible, we obtained exact specifications for purchased parts.

Our subsequent cross-checking exposed a few errors in the data we had collected. We
corrected all aberrations either by replacing them with correct values or by omitting the unit
altogether if we determined that the entire configuration did not represent a prospective baseline
system. For example, one 11-SEER SAC unit that we selected was comprised of a 10 SEER outdoor
unit and a variable speed fan-coil unit. Because such combinations would be significantly more
expensive than a more efficient outdoor unit coupled with a less sophisticated fancoil unit, that
sample was an obvious outlier. We therefore omitted it on the presumption that the mass market will
not sustain large price differences at the baseline efficiency level.
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C.4 CREATING THE BILL-OF-MATERIALS

We used the tear-down process to create a complete and structured bill-of-materials (BOM)
for the baseline equipment. We built four separate BOMs from our two tear-downs--one for each of
the four product classes. While we completely dismantled each piece of equipment, we characterized
every part according to weight, dimensions, material, quantity, and, the manufacturing processes
used to fabricate and assemble it.

As a simplification, we assumed that the structure of the BOMs we developed for the tear-
down samples also applied to the samples that we did not tear down. This allowed the physical
parameters and parts to vary across samples, but fixed the assembly process (and the associated plant
equipment) for each sample. Since a typical OEM manufacturers a wide range of products in the
same plant and assembly line, we consider this a valid simplification for isolating efficiency-related
changes within a product platform and within a single manufacturer. Our simplification cannot
reproduce cost variability across OEMs due to differences in assembly processes or product
platforms.

The BOMs incorporate all materials, components, and fasteners with estimates of raw
materials and purchased parts and sub-assemblies. We based our assumptions on the sourcing of
parts and in-house production on our previous industry experience, recent information in trade
publications, and discussions with high and low-volume original equipment  manufacturers (OEMs).
To reinforce our understanding of the industry's current manufacturing practices, we also visited
several manufacturing plants. These visits focused on observing and characterizing current
manufacturing practices. 

Figure C.1 illustrates a small section from a structured bill of materials. It shows:

1. Part number:  Assigned during disassembly
2. Description:  A description of the part. The step-like ladder approach identifies logical

groupings of parts to denote which go together where in the assembly process.  A reverse
indentation denotes parts that are sub-assembled onto a part prior to final assembly on
the manufacturing line.

3. Category: Primary part material for raw material costing and sorting purposes
4. V: This entry denotes whether a part is a purchased component or fabricated in house.

We assumed that all plastic components were outsourced. 
5. #: How many parts are assembled in a given assembly step.
6. OD, Length, Depth, Thickness: Physical parameters that describe the finished part. 
7. Painted surface: Describes how many square inches of paint are required for each part.

We assumed that any "green field" plant would rely exclusively on pre-painted steel and
priced the paint coatings accordingly.

8. Weight: Final weight of part in pounds.
9. Material cost: Final material cost of the part (calculated), accounting for scrap losses but

excluding required assembly, painting, fabrication, or joining costs.
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Part Category V OD or Length Depth Thickness Painted Weight Scrap Material LWor
No. Description ? # Width (in) Srfce A (lbs) % Cost, $ (s)

1.00 Cabinet Assy
1.01 Packaging Corner Screws Fastener Y 8 0.44 0.785 0.15 0.054 $0.08 16
1.02 Packaging Corners GCRS 4 4 4 1.125 0.055 1.527 $0.46 32
1.03 Sticker Misc. Y 1 5 8 $0.05 8
1.04 Outside Wrap HDPE Y 1 33.5 385.5 0.003 1.390 $1.30 15
1.06 Air Filter Panel Screws Fastener Y 2 0.44 0.785 0.15 0.014 $0.02 4
1.07 Air Filter Panel Fiberglass FG 1 22 29.875 0.75 0.600 $2.10 2
1.08 Air Filter Panel Stickers Misc. Y 2 2 5.5 $0.06 16
1.09 Air Filter Access Panel GCRS 1 23.5 30.75 0.5 0.04 10.036458 6.930 1% $2.10 8
1.10 Evap Fan Panel Screws Fastener Y 2 0.44 0.785 0.15 0.014 $0.02 4
1.11 Evap Fan Panel Fiberglass FG 1 18 30 0.75 0.477 $1.67 2
1.12 Evap Fan Panel Stickers Misc. Y 1 3.5 2.5 $0.03 8
1.13 Evap Fan Access Panel GCRS 1 18.5 29.5 0.5 0.04 7.5798611 5.738 1% $1.74 8
1.14 Condenser Panel Screws Fastener Y 2 0.44 0.785 0.15 0.014 $0.02 4
1.15 Condenser Panel Stickers Misc. Y 2 2.5 10 $0.10 16
1.16 Condenser Access Panel GCRS 1 18.25 30.75 0.5 0.04 7.7942708 5.725 1% $1.73 8
1.17 Top Cover Screws Fastener Y 6 0.44 0.785 0.15 0.042 $0.06 12
1.70 Top Cover Assy 15
1.18 Condenser Middle Panel Screws Fastener Y 3 0.44 0.785 0.15 0.021 $0.03 6
1.19 Condenser Middle Panel GCRS 1 3.25 31 0.5 0.035 2.0451389 1.320 $0.40 8
1.20 Large Condenser Grid Screws Fastener Y 3 0.44 0.785 0.15 0.021 $0.03 6
1.21 Large Condenser Grid GCRS 1 37.625 31 0.8099826 2.730 $0.82 8

Figure C.1  Sample structured bill of materials

Fabrication Assembly/Joining

Fixturing Adhesive bonding

Stamping Spot welding
Brake forming Brazing

Cutting/shearing Press fitting

Collaring Integral fasteners
Deburring Other fasteners

Table C.2  Manufacturing Processes
Captured in the Bills-of-Material

10. Labor: The manual labor (in seconds) required to handle all parts or assemble them into
the unit. Some parts such as fasteners also require additional tool time which is
accounted for in the later section of the BOM spreadsheet.

The BOMs also capture the major manufacturing processes required to make selected parts.
Table C.2 lists these processes.

C.5 ADDITIONAL PRODUCTION COST DATA

The tear-down process and the development of the structured BOMs provide the starting
points for estimating production costs, but we still needed information on manufacturing operations,
part and material prices, wages, plant equipment amortization, and plant overhead. The TSD
(Chapter 4) describes our assumptions and data sources. This section briefly describes the processes
we used to gather the data and how we used them.
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C.5.1 Labor and Factory Overhead

Information on equipment and tooling costs, typical process cycle times, and materials used
for fabrication were obtained from the ADL manufacturing databases. Plant equipment suppliers
provided us with details concerning equipment capabilities and processing parameters (cycle times,
scrap rates, etc.). Fabrication cycle rates are directly entered into the model and depend on part
complexity and the processes used. 

C.5.2 Depreciation

Depreciation, or amortization, is the accounting process by which capital costs are allocated
to production volume. Amortization occurs over a period of time so that at the end of that time, all
capital costs are accounted for in the full cost of producing the product over that time. For example,
if a manufacturer produces 1 million air conditioners over ten years and amortizes a $10 million
investment over the same ten years, each air conditioner produced during that time would include
$10 in amortization charges. The methodology we used to allocate depreciation depended on whether
we assumed the plant machinery to be dedicated or non-dedicated to the production of the sample
product.

Dedicated machinery is tied solely to the production of the sample product. During times
when a piece of dedicated machinery is not needed for that product, it sits idle. The entire capital cost
of a  piece of dedicated machinery is amortized across the annual volume of the sample product.
Conversely, non-dedicated machinery may be used to produce another product when it is not needed
for the sample product. Only a fraction of the capital cost of non-dedicated machinery is allocated
to the sample product based on the time the machinery was used to produce the sample product. For
example, a non-dedicated press that was used 55 percent of the time to produce the sample product
would allocate 55 percent of its depreciation charges to the sample product and 45 percent to the
other products to which it is associated. A dedicated press, on the other hand, would allocate 100
percent of its depreciation to the sample product, even if its utilization was 55 percent, since the
press is not used for any other production.

We assumed that all coil fabrication machinery is non-dedicated. Given the substantial
equipment and space investment costs associated with coil lines, OEMs install universal, high
volume machinery to achieve high production efficiencies and low costs. The total coil volume and
the many configurations manufactured by OEMs ensure that no one coil type dominates the coil
production centers. Thus, every type of product will only be a fraction of the total output, and
amortization charges are based on that fraction.

We assumed that machinery other than coil assembly machinery is dedicated. Unlike old
plant designs, new facilities usually feature several production lines under one roof that handle
almost every part of fabrication and assembly. Instead of belonging to a functional department, all
employees and equipment are dedicated to individual product lines. The industry is moving to this
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Manufacturing Connecting
Powder Large Medium Small Brake Cut & Adhesive Spot- Press Integral Other

Fixturing Coating Press Press Press Form Shear Collar Deburr Bonding Welding Brazing Fits Fastner Fastners
Seconds 17 13 25 25 21 10 0 20 0 45 0 1080 4 0 279

# of Distinct Parts per Operation 4.00 13.00 5.00 14.00 16.00 1.00 2.00 1.00 0.00 11.00 1.00 14.00 1.00 0.00 37.00

# Total Equipment Required for Non-Dedicated Use 1 1 1 1 1 1 0 1 0 1 0 14 1 0 4
Model Input (Depends on dedication) 4 1 1 1 1 1 0 1 0 11 0 14 1 0 37

#People/Machine 1.00 0.00 1.50 1.00 1.00 0.50 0.50 0.50 0.50 1.00 0.50 1.00 1.00 1.00 1.00
#Operators Required when Operating 4 0 2 1 1 1 0 1 0 11 0 x x x x

Equipment Depreciation ($MM/Year) $.23 $.00 $.17 $.11 $.02 $.06 $.00 $.01 $.00 $.02 $.00 $.00 $.00 $.00 $.21
Total Equipment Investment ($MM) $1 $ $3 $1 $ $ $ $ $ $ $ $ $ $ $

Material Cost/Unit 0.0 2.6 5.0 2.5 1.1 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
Equipment Usage(%) 5% 16% 39% 55% 48% 12% 0% 24% 0% 5% 0% 94% 5% 0% 9%

Actual #Operators Required per Shift 0.2 0.0 0.8 0.6 0.5 0.1 0.0 0.2 0.0 0.6 0.0 x x x x

Figure C.2  Sample Fabrication and Assembly Summary Table

manufacturing philosophy. Our model reflects the possibility that a piece of production machinery
can be used to produce different parts for the same product. That is, each product, not each part, has
a set of dedicated machinery. All equipment and process costs are spread across the entire production
volume, unlike the coil model where costs are assigned on the basis of utilization.

We also allocated labor to operate a piece of machinery based on whether the machinery is
dedicated or non-dedicated. 

As equipment utilization rates approach 100 percent, the costs associated with dedicated vs.
non-dedicated equipment costs become equal. However, few dedicated pieces of equipment ever
achieve 100 percent utilization due to lack of demand, capacity mismatches between process steps,
scheduled downtime, etc. Thus, non-dedicated equipment results in lower overall costs per part, as
depreciation, maintenance, and other costs are only assessed on the basis of how much time each part
uses a piece of equipment. 

As equipment samples vary, so do the manufacturing equipment and labor requirements.
Depreciation charges therefore also vary across equipment samples. Figure C.2 shows how the model
allocates depreciation and labor to a sample product.

C.5.3 Parts and Materials

Cost estimates for raw materials and purchased components were drawn from ADL's
manufacturing databases and supplemented with information obtained from manufacturer and
supplier sources. We adjusted our cost estimates as appropriate to include price discounts typically
seen in the industry as the result of high-volume purchases.

As purchased components make up the bulk of the unit costs, special consideration was given
to  establishing accurate OEM-level price data. Through manufacturer submissions, industry
literature, and active research, we were able to ascertain the exact specifications for the majority of
components used in the AC and HP units under investigation. For the relatively few purchased
components we could not identify, we substituted parts from comparable equipment. 
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For example, a manufacturer’s technical data sheet may convey that a sample condenser uses
a certain type of compressor supplied by a particular company, but may not state the precise size or
part number.  In the cases when distributors could not positively identify the part, our industry
experts would compare the known attributes of similar condenser units (such as coil size, compressor
specs, capacities, etc.) and those of the equipment under question. We would then select a specific
compressor size based on an interpolation of the available data. 

We then consulted local distributors, wholesalers, parts suppliers, and OEMs to determine
high-volume pricing. We applied a discount to the prices we received from each of those sources
based on their place in the distribution chain. 

These discounts were based on markup data and our previous experience in the industry. The
many different data sources and the large purchased parts list also allowed for some cross-checking
of price data and discounts. We selected those that, in our best judgement, most likely reflected
actual prices to OEMs. The discount on each component were a function of the total dollar volume
of a typical OEM’s account with a typical supplier. Since we are modeling high volume OEMs who
deal with one supplier for each component, this results in substantial discounts relative to retail or
wholesale prices. 

C.5.4 Coil Fabrication Costs

While purchased components make up the largest part of costs in AC and HP units, coils,
generally fabricated by the OEM, also are important. To model the fabrication cost of both the indoor
and outdoor coils, we constructed a second cost model for each of the four product classes. These
costs were then fed back into the main cost models.

C.6 STRUCTURE OF THE COST MODELS

Once we had collected all of the information required to estimate production costs for each sample,
we used spreadsheet models to perform the required calculations. As stated earlier, the costs for each
CAC unit are calculated with the help of two cost models: the main model and the coil model. Figure
C.3 illustrates the structure and relationship of the spreadsheets that comprise the two models.
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Figure C.3  Overall Model Structure

C.6.1 Main Cost Model

The main model serves holds data and performs the calculations that determine the
production cost of the final assembled equipment. It contains a number of worksheets that perform
different functions.

C.6.1.1   Global Controls Sheet

This worksheet sets parameters such as production volume and wages while also displaying
the cost results by sub-assembly. The basic parameters (e.g. days available per year) of the Global
Controls page are linked to the coil model. A sample section of those controls is shown below
(Figure C.4). Shaded fields are also varied in the Monte-Carlo analysis (refer to Section 4.2.9 in the
TSD).

The Global Controls page also shows costs broken down by sub-assembly and cost category.
The results were shown in two tables. One table (Figure C.5) featured costs by major sub-assembly
and cost type by efficiency level. Another more detailed table formed the basis for the CAC Cost
spreadsheets (see Appendix A in the TSD). Cost breakdowns to this fine level allowed us to zero on
the differences between equipment across efficiency levels and facilitated the calibration and
industry review processes.
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Unit Cost Condensing Evaporator Controls Misc. Condenser Evaporator Total
($/unit) Unit Unit Coil Assy Coil Assy

Assy Labor Cost
Fabrication Labor

Indirect Labor Cost
Direct Material Costs

Indirect Material Costs
Ann Equipm Dep

Ann Bldg Dep.
Equipment Maintenance

Utilities
Taxes

Insurance

Total

Figure C.5  Sample table showing major sub-assembly and plant
overhead costs

Figure C.4  Sample of Global Controls Sheet

C.6.1.2   Manufacturer Data Sheet

The data tables in this worksheet define most equipment-specific attributes of the CAC
samples. For example, coil parameters are stored here for use by the  coil model and the quantity,
weight, and cost results from the coil model are returned and stored for use by the BOM and Global
Controls worksheets.

The headings in Figure C.6 are taken from our questionnaire. Further data tables capture
individual parameters such as cost per hairpin tube, volume of enclosure, and other physical
parameters. These parameters form the basis for several calculations. For example, in the Global
Controls page the total enclosed volume of a CAC unit drives the size of the manufacturing facility
and the assembly line. This reflects the assumption that, all else equal, a plant dedicated to producing
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Efficiency level (SEER)
Condensing unit model no.

Fancoil unit model no.
Exact SEER

Capacity (BTUH)
Nominal refrigerant charge (lb)

Condensing Unit
Weight (lb)

Cabinet
Dimensions (l x w x h), (in)

Sheet metal gauge

Compressor

Make & model number

Accumulator? (make/model)
Muffler? (make/model)

Crankcase heating? (method)

Fan CFM
Number of blades

Blade diameter
Motor horsepower

Motor RPM for each speed

Coil
Face area (ft2)

Tube spacing (in)
Tube rows

Tubing
Material

Diameter (in)
Thickness (in)

Rifled?

Fins
Material

Surface enhancement? (specify)
Dimensions (l x w x thickness)

Density (fins/in)

Expansion Device
Type

Make & model (if applicable)
Dimension (if applicable)

Reversing Valve (make/model)

Unit Descriptions

C
O
N
D
E
N
S
E
R

Evaporating Unit
Weight (lb)

Cabinet
Dimensions (l x w x h) (in)
Sheet metal thickness (in)

Fan
Number of blades

Blade diameter

Fan Motor CFM
Horsepower

RPM for each speed
Variable speed controller? (type, make, 

model)

Coil Height
Configuration

Face area (ft2)
Tube spacing (in)

Tube rows

Tubing
Material

Diameter (in)
Thickness (in)

Rifled?

Fins
Material

Surface enhancement? (type)
Dimensions (l x w x thickness) (in)

Density (fins/in)

Other Devices

Time delay relay? (type, make/model)
Liquid line solenoid? (make & model)

Filter/dryer? (make, model)

Demand defrost? (method)

O
T
H
E
R

E
V
A
P
O
R
A
T
O
R

Figure C.6  Sample Data Fields from Manufacturing Data
Sheet

larger equipment requires more storage and assembly space than a plant dedicated to producing
smaller equipment.

C.6.1.3   Purchased Parts Sheet

Three types of data are found on the Purchased Parts page: major purchased components
unique to each model; minor, common purchased components used by every model; and, raw
material costs for parts that are fabricated in-house.

Major Purchased Components
Every major purchased part has its own data table, and every sample draws its information

from a line item in its table. The exact model numbers for major purchased parts are entered here
along with multiple price quotations and part weights. The quotations come from multiple sources
and are discounted as appropriate. These tables determine at least 45 percent of total cost. The weight
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Figure C.7   Sample Raw Material Data Tables and Part Price List from the
Purchased Parts Sheet

and minimum cost for each line item is passed on the BOM page, which queries the results by unit
number. 

Minor, Common Purchased Components
These include items such as connectors, wire, fasteners, board transformers, and other smaller

parts that OEMs are likely to purchase from outside suppliers. We gathered price quotations from
multiple sources (suppliers, distributors, prior experience) in quantities that are typical for OEMs.
We then passed the lowest price on to the BOM entry which queries the table unless we had reason
to believe that a higher price was more credible.

Raw Material Costs
When parts are made in-house from materials such as pre-painted sheet metal, the main

model estimates the cost of the part from the cost of its raw material. We obtained raw material
prices from common suppliers in volumes typical for OEM requirements. The BOM scales the
material price for each fabricated part based on the calculated weight of the part and its price per unit
of weight.

We assume that OEMs fabricate most of these parts themselves. One general exception is
plastic parts, which require a different set of skills and facilities than typical OEMs possess. The
price of a plastic part is a function of the underlying value of the resin, and an assumed cost to
manufacture the part (including the tool) with an applied gross margin. A purchased part premium
applies to any fabricated part, including a plastic part, that we assume is manufactured elsewhere.
The purchased parts premium is set at 150 percent over the underlying material cost. Given that few
parts meet this description, this simplification has only a slight impact on the overall cost estimate
for the equipment.
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Powder Lg Press Med Press Sm Press
Fixturing Coating (1500 ton) (600 ton) (100 ton)
$231,105 $0 $2,734,747 $1,309,597 $153,814

5 12 20 15 10
$58,250 $0 $172,322 $110,027 $19,384
$79,811 $0 $437,561 $232,148 $33,312

Y N N N N
1.00 0.00 1.50 1.00 1.00

See Below $0.20 $0.10 $0.05

Dedicated Equipnment?
People per Machine

Consumables Cost ($/sec)

Equipment Cost ($/Unit)
Depreciation Life

Straight Depreciation per piece of Equipment / Year
Finance Cost per piece per year

Figure C.8  Sample from Equipment Data Sheet

C.6.1.4   Bill-of-Materials Sheet

The Bill-of-Material (as illustrated in Figure C.1 and discussed in Section C.4 of this
Appendix), serves as a structured assembly tree, summarizes fabrication and assembly tool data, and
calculates production costs based on the price of the part or material and the labor and machinery
required to fabricate or assemble it. The BOM sheet also adjusts many other costs in response to
changes in physical parameters. For example, the model adjusts baseline sheet metal sizes to
incorporate different enclosure sizes.  The size of the fiberglass (FG) insulation is a function of the
sheet metal it has to cover and the efficiency level of the unit (insulation is thicker at higher
efficiencies). Many fastener quantities and labor costs are also a function of the sheet metal walls
they are to secure. The result is that every unit cost estimate is unique, using the initial BOM as a
starting point.

Labor, parts, materials, and depreciation costs are aggregated by sub-assembly and linked
back to the Global Controls page.

C.6.1.5   Equipment Data Sheet

This page is a list of the installed costs for all the plant machinery involved in the production
of the CAC samples. An implicit assumption is that the plant equipment required to produce lower
efficiency samples is also able to produce higher efficiency samples without any modification. The
equipment data shows installed equipment costs, depreciation life, whether equipment is dedicated,
labor requirements per station, and consumables costs.  The installed costs include price quotations
for the equipment plus markups to account for installation labor and auxiliary equipment.

C.6.2 Coil Model

The coil model converts each coil’s physical descriptors into coil costs by calculating the
number of fins, hairpin bends, U-bends, take-offs, and coil ends. The model accounts for tube
diameters, spacing, material choices and thickness, rifling, and other physical characteristics that
affect coil cost. It relies on a process-based cost model that accounts for every fabrication and
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Figure C.9   Flow Diagram for Coil Model

assembly step. We obtained fabrication equipment costs and processing times from equipment
vendors and raw material prices from vendors based on their pricing at the time. 

Our coil flow diagram (Figure C.9) represents a state-of-the-art coil manufacturing facility
sized for high-volume production. While this coil line may not be representative of all manufacturing
facilities, we assume it to be representative in general. 

The coil and main cost models work together. The equipment data sheets in the main model
supplied the coil parameters, and the coil cost and weight results were returned to the main model.
Any update in either model is automatically reflected in the other model.

Because our computational power was limited, we severed the links between the main model
and the coil model during a Monte Carlo analysis. However, the effects of the Monte Carlo analysis
on coil results were easily incorporated within the main model. For example, if when labor costs
varied in the main model, the labor costs components of a coil would simply vary in proportion.
Thus, a large number of Monte Carlo trials (2,500 to 3,000) could be accommodated over the span
of a few hours.

Figure C.10 is a section of a row header for a indoor coil unit showing fin and U-bend
parameters. Weights and quantities are sent to the Manufacturing Data Sheet in the main model.
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Final Mass of Single Fin (lb)
# of Fins per Unit

Annual Fin Production (K)
Evap. Coil Fin Material

Evap. Fin Material Scrap (%)
Evap. Coil Fin Length (in)
Evap. Coil Fin Width (in)

Evap. Coil Fin Thckness (in)
Evap. Coil Density (fins/in)

# of Large U-Bend per Unit
Mass per U-Bend (lb)
# of U-Bends per Unit

Annual Production of U-Bends (K)
Length of U-Bends (in)

# of Coil Ends
Mass of each Coil End

Figure C.10   Coil model
output fields

1 2 3 4 5 6 7 8 9 10 11
Indirect Maintenance Utilities

Direct Indirect Coil Ends Tube Fin U-Bend Materials Equipment Bldg
Low Level Labor Material Prices

Condenser Assy
Depreciation

Figure C.11   Coil manufacturing costs calculated in the coil model

The manufacturing costs for coils are also captured in a table. Figure C.11 illustrates the
header of the table which is linked back to the Manufacturer Data Sheet. Some of these costs are
direct costs, such as material costs used by the BOM Sheet, while others are overhead costs
referenced by the Global Controls page.
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What is the production cost workbook (CAC Cost v24.xls)?

CAC Cost contains the results of the DOE production cost estimates for each of the four
classes of residential central air conditioners defined by NAECA: 

C split system air conditioners, 
C single packaged air conditioners, 
C split system heat pumps,
C single packaged heat pumps. 

For split air conditioners, ADL estimated costs for indoor units with and without air handlers.
Each estimate represents equipment with a nominal three ton cooling capacity (33,000 through
39,000 BTU/hr).

The workbook allows you to see a representative breakdown of production costs, in 1998
dollars, for equipment under each class at each efficiency level. You can also see the costs of
equipment at each efficiency level relative to the baseline equipment under the current NAECA
standard (10 SEER for split systems and 9.7 SEER for packaged systems.) This can illustrate how
individual items tend to change as system efficiency increases.

Note that the production costs assume that each efficiency level is the minimum efficiency
standard established by DOE. Consequently, the component labor, material and overhead costs are
not necessarily representative of current production costs for equipment efficiencies that exceed the
current SEER 10 standard (9.7 SEER for packaged equipment). 

In addition to letting you view the cost estimates, CAC Cost lets you adjust them to see the
effects on the overall relative cost relationship. You can change a cost element by 1) replacing it with
a new value, 2) adding or subtracting a fixed percentage, or 3) adding or subtracting a fixed dollar
amount. This feature will let you identify and correct apparent problems, adjust for inflation or
deflation of component or material prices, and model the potential impacts of new technologies.

Why do production costs change as the equipment efficiency changes?

Generally, more efficient equipment is larger, heavier, and more complex and uses more
expensive components. All of these contribute to higher production costs.

What do each of the cost elements represent?

Manufacturers have different philosophies about exactly how to increase the efficiency of
their equipment. For example, some may prefer to install a more efficient compressor and some may
prefer to increase the size of the outdoor heat exchanger (outdoor coil). We assume that
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manufacturers in a competitive environment will incur close to the same incremental production
cost at a given efficiency level, even when they use different design approaches.

The equipment we sampled displayed a diversity of designs. The results in CAC Cost
represent the cost of each of those approaches averaged together. This can reveal design trends, but
not exact costs. For example, if a compressor cost is listed as $155, it may represent several models
that use $155 compressors, or some models that use $150 compressors with larger heat exchangers
and come that use $160 compressors with smaller heat exchangers. The same is true for the other
items. We presented the information this way to protect the confidentiality of the underlying
information. This is also consistent with the efficiency level approach that we adopted for the
engineering analysis.

How did ADL develop the cost estimates?

ADL estimated the cost of air conditioners by examining the products both directly and
indirectly. Chapter 4 in the Engineering Analysis Report describes the process in detail.

We initially disassembled and inspected three 3-ton units to determine the designs,
components, materials, and processes used to produce them. The units were 1) a 10 SEER split air
conditioner with fancoil, 2) a 10 SEER packaged heat pump, and 3) a 12 SEER split air conditioner
condenser.

In addition to the three tear down units, we collected design, material, and component
information on another 68 models. This information came directly from equipment manufacturers
and from product literature.

Once we had gathered the information, we estimated materials and component pricing,
fabrication and assembly costs, and factory overhead. We obtained pricing information from various
sources.

We estimated the production cost for each of the 71 models analyzed. The results in CAC
Cost represent the averages of those results at each efficiency level. Some efficiency levels represent
average results from multiple equipment models and some from only a single model.

What are the key assumptions that drive the cost estimates?

We assumed that each unit at a given efficiency level represents a typical unit that would be
produced if DOE established a minimum efficiency standard at that level. Some important
assumptions include:
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C High-volume production (125,000 units per year for split air conditioners and 25,000
units per year for split heat pumps and packaged systems)

C Elimination of “premium” features like sound attenuation and aesthetic
enhancements

C Production processes and cabinet configurations similar to the two disassembled 10
SEER units

C Greenfield production facility
C No price reductions in components due to economies of scale or technological

advance
C No technologies or processes that were not widely applied in 1998

The Technical Support Document published with the Advanced Notification of Proposed
Rulemaking will explain further these and other assumptions.

Why do values in CAC Cost v2.4 differ from those presented in LBNL’s Life-Cycle Cost
analysis?

CAC Cost v2.4 differs in two respects from the costs used in the lifecycle cost analysis. First,
the CAC Cost v2.4 calculate outbound freight in an updated manner (fixed rate based on cabinet
volume). Second, for ease of use, the values presented in CAC Cost v2.4 have not been subjected to
a Monte Carlo uncertainty analysis. Hence, they represent “most likely” rather than “mean”
estimates. The lifecycle cost analysis uses the more appropriate “mean” cost estimates. The
differences are usually subtle.
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Packaged Air Conditioners - 3-Ton (7/12/99)
Efficiency Standard (SEER) 10 11 12 13
Relative Cost 1.00 1.14 1.47
Cost Component
Outside

Unit
Coil Materials $41.11 $42.29 $45.67
Coil Labor $4.60 $4.31 $4.32
Electrical Materials $29.95 $29.52 $39.99
Electrical Labor $1.20 $1.20 $1.21
Miscellaneous Materials $15.46 $16.60 $30.31
Miscellaneous Labor $4.23 $4.23 $4.23
Fan Materials $7.20 $7.52 $7.79
Fan Labor $0.27 $0.27 $0.27
Cabinet Materials $52.90 $56.41 $79.03
Cabinet Labor $12.53 $13.05 $16.55
Plumbing Materials $16.97 $18.17 $16.41
Plumbing Labor $6.87 $6.97 $6.13
Compressor Materials $131.25 $174.12 $174.13
Compressor Labor $0.29 $0.29 $0.30

Indoor
Unit

Coil Materials $20.51 $34.05 $29.85
Coil Labor $1.56 $2.08 $1.73
Electrical Materials $54.97 $52.39 $121.68
Electrical Labor $1.50 $1.50 $1.84
Miscellaneous Materials $0.00 $0.00 $0.00
Miscellaneous Labor $0.00 $0.00 $0.00
Fan Materials $6.08 $6.08 $6.10
Fan Labor $0.75 $0.75 $0.81
Cabinet Materials $0.00 $0.00 $0.00
Cabinet Labor $0.00 $0.00 $0.00
Plumbing Materials $6.68 $8.38 $10.37
Plumbing Labor $1.53 $1.53 $1.53

Other Refrigerant Matl $3.42 $5.10 $4.38
Refrigerant Labor $0.36 $0.36 $0.36
Indirect Labor $18.01 $18.32 $19.82
Indirect Material $19.42 $19.75 $19.52
Equipment Depreciation $9.70 $9.70 $11.84
Building Depreciation $6.13 $7.02 $13.33
Maintenance $14.80 $14.76 $14.66
Utilities $3.39 $3.58 $5.39
Taxes $4.96 $5.64 $7.28
Insurance $4.41 $5.01 $6.47
Freight-Out $48.71 $55.83 $105.96
Total $551.70 $626.80 $809.24

Direct Material $386.49 $450.64 $565.70
Direct Labor (incl. benefits) $35.68 $36.55 $39.27
Overhead (incl. benefits) $80.82 $83.78 $98.31
Full Cost (no freight-out) $502.99 $570.97 $703.29
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Packaged Heat Pumps - 3-Ton (7/12/99)
Efficiency Standard (SEER) 10 11 12
Relative Cost 1.00 1.10
Cost Component
Outside

Unit
Coil Materials $42.48 $58.26
Coil Labor $4.19 $4.84
Electrical Materials $82.42 $80.54
Electrical Labor $3.25 $3.25
Miscellaneous Materials $17.28 $16.85
Miscellaneous Labor $2.87 $2.87
Fan Materials $7.04 $6.92
Fan Labor $0.27 $0.27
Cabinet Materials $57.35 $56.24
Cabinet Labor $13.72 $13.55
Plumbing Materials $22.23 $18.74
Plumbing Labor $5.46 $5.59
Compressor Materials $125.00 $174.14
Compressor Labor $0.35 $0.35

Indoor
Unit

Coil Materials $29.95 $34.05
Coil Labor $1.76 $1.89
Electrical Materials $54.75 $52.36
Electrical Labor $0.56 $0.56
Miscellaneous Materials $0.00 $0.00
Miscellaneous Labor $0.00 $0.00
Fan Materials $5.17 $5.17
Fan Labor $0.72 $0.72
Cabinet Materials $0.04 $0.04
Cabinet Labor $0.12 $0.12
Plumbing Materials $7.92 $8.72
Plumbing Labor $3.85 $4.77

Other Refrigerant Matl $4.90 $6.31
Refrigerant Labor $0.36 $0.36
Indirect Labor $18.56 $19.16
Indirect Material $20.22 $20.36
Equipment Depreciation $10.58 $11.02
Building Depreciation $7.80 $7.62
Maintenance $15.66 $15.95
Utilities $3.97 $4.03
Taxes $5.79 $6.37
Insurance $5.15 $5.66
Freight-Out $61.79 $60.35

Total $643.52 $708.00
Direct Material $456.52 $518.35
Direct Labor (incl. benefits) $37.48 $39.13
Overhead (incl. benefits) $87.73 $90.17
Full Cost (no freight-out) $581.73 $647.65
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Split Air Conditioners (fancoil) - 3-Ton (7/12/99)
Efficiency Standard (SEER) 10 11 12 13 14
Relative Cost 1.00 1.21 1.66 1.76
Cost Component
Outside

Unit
Coil Materials $38.69 $39.94 $56.77 $63.75
Coil Labor $4.05 $4.44 $4.84 $4.89
Electrical Materials $28.35 $27.74 $34.62 $34.60
Electrical Labor $1.03 $1.05 $1.11 $1.09
Miscellaneous Materials $4.23 $4.84 $6.78 $6.54
Miscellaneous Labor $1.62 $1.67 $1.82 $1.80
Fan Materials $4.06 $4.06 $5.86 $5.07
Fan Labor $0.25 $0.25 $0.25 $0.25
Cabinet Materials $12.58 $14.60 $23.09 $21.74
Cabinet Labor $2.26 $2.27 $2.56 $2.52
Plumbing Materials $12.38 $10.47 $10.63 $10.79
Plumbing Labor $4.00 $3.32 $3.32 $3.95
Compressor Materials $121.58 $137.33 $170.93 $170.93
Compressor Labor $0.65 $0.65 $0.65 $0.65

Indoor
Unit

Coil Materials $20.98 $41.35 $26.63 $46.01
Coil Labor $1.73 $2.58 $1.76 $3.03
Electrical Materials $52.73 $53.07 $169.01 $176.91
Electrical Labor $1.83 $1.83 $2.52 $2.52
Miscellaneous Materials $14.67 $26.20 $29.83 $31.93
Miscellaneous Labor $1.91 $1.99 $1.95 $1.99
Fan Materials $5.13 $5.13 $5.17 $5.31
Fan Labor $0.67 $0.61 $0.73 $0.77
Cabinet Materials $19.03 $30.28 $28.44 $30.38
Cabinet Labor $2.00 $2.11 $1.49 $2.06
Plumbing Materials $7.49 $15.49 $15.06 $14.96
Plumbing Labor $5.95 $5.95 $4.62 $8.63

Other Refrigerant Matl $3.95 $4.00 $5.30 $5.65
Refrigerant Labor $0.36 $0.36 $0.36 $0.36
Indirect Labor $12.82 $12.74 $12.85 $15.63
Indirect Material $11.03 $11.28 $10.52 $11.60
Equipment Depreciation $5.38 $7.13 $8.16 $9.05
Building Depreciation $9.88 $14.78 $21.78 $21.23
Maintenance $2.74 $3.15 $2.92 $3.45
Utilities $3.30 $4.73 $6.47 $6.54
Taxes $4.10 $4.95 $6.80 $7.22
Insurance $3.65 $4.40 $6.04 $6.42
Freight-Out $29.01 $43.38 $63.91 $62.31
Total $456.09 $550.13 $755.53 $802.52

Direct Material $345.85 $414.51 $588.12 $624.56
Direct Labor (incl. benefits) $28.32 $29.08 $27.97 $34.50
Overhead (incl. benefits) $52.90 $63.17 $75.54 $81.15
Full Cost (no freight-out) $427.08 $506.75 $691.62 $740.21
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Split Air Conditioners (fancoil) - 3-Ton (7/12/99) (continued)
Efficiency Standard (SEER) 15 16 17
Relative Cost 1.96 2.07 2.24
Cost Component Original Original Original
Outside

Unit
Coil Materials $88.64 $82.34 $82.34
Coil Labor $5.34 $5.54 $5.54
Electrical Materials $70.90 $71.13 $71.13
Electrical Labor $1.48 $1.52 $1.52
Miscellaneous Materials $6.46 $6.94 $6.94
Miscellaneous Labor $1.79 $1.83 $1.83
Fan Materials $5.16 $5.07 $5.07
Fan Labor $0.25 $0.25 $0.25
Cabinet Materials $21.47 $24.18 $24.18
Cabinet Labor $2.49 $2.61 $2.61
Plumbing Materials $18.79 $18.79 $18.63
Plumbing Labor $4.96 $4.96 $4.32
Compressor Materials $221.33 $282.75 $282.75
Compressor Labor $0.65 $0.65 $0.65

Indoor
Unit

Coil Materials $32.90 $30.92 $52.19
Coil Labor $2.25 $2.23 $3.29
Electrical Materials $169.03 $169.01 $190.67
Electrical Labor $2.52 $2.52 $2.52
Miscellaneous Materials $31.30 $23.14 $29.16
Miscellaneous Labor $1.97 $1.91 $1.97
Fan Materials $5.15 $5.06 $5.46
Fan Labor $0.74 $0.73 $0.81
Cabinet Materials $27.84 $22.56 $29.23
Cabinet Labor $2.05 $2.06 $2.07
Plumbing Materials $14.31 $20.47 $21.12
Plumbing Labor $6.62 $7.29 $9.29

Other Refrigerant Matl $8.40 $8.00 $8.00
Refrigerant Labor $0.36 $0.36 $0.36
Indirect Labor $15.67 $16.04 $16.95
Indirect Material $11.37 $11.35 $11.81
Equipment Depreciation $8.48 $8.63 $9.81
Building Depreciation $19.70 $19.90 $22.60
Maintenance $3.28 $3.33 $3.70
Utilities $6.09 $6.16 $7.00
Taxes $8.03 $8.50 $9.17
Insurance $7.14 $7.56 $8.15
Freight-Out $57.81 $58.39 $66.31

Total $892.71 $944.67 $1,019.42
Direct Material $721.66 $770.36 $826.88
Direct Labor (incl. benefits) $33.47 $34.45 $37.04
Overhead (incl. benefits) $79.77 $81.47 $89.19
Full Cost (no freight-out) $834.90 $886.27 $953.11
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Split Air Conditioners (cased coil)  - 3-Ton (7/12/99)
Efficiency Standard (SEER) 10 11 12 13 14
Original Relative Cost 1.00 1.12 1.27 1.44 1.60
Cost Component
Outside

Unit
Coil Materials $36.18 $39.20 $59.31 $69.63 $94.85
Coil Labor $4.15 $4.20 $4.76 $4.92 $5.40
Electrical Materials $28.44 $31.79 $31.99 $35.22 $35.17
Electrical Labor $1.05 $1.21 $1.07 $1.07 $1.07
Miscellaneous Materials $4.53 $4.49 $5.66 $5.98 $6.30
Miscellaneous Labor $1.64 $1.64 $1.73 $1.76 $1.78
Fan Materials $3.26 $3.76 $4.47 $5.11 $4.86
Fan Labor $0.25 $0.25 $0.25 $0.25 $0.25
Cabinet Materials $13.54 $13.37 $18.83 $20.55 $21.88
Cabinet Labor $2.24 $2.23 $2.45 $2.51 $2.55
Plumbing Materials $11.30 $11.61 $11.32 $13.55 $14.46
Plumbing Labor $3.59 $3.99 $3.72 $3.99 $4.21
Compressor Materials $122.21 $151.77 $152.87 $167.25 $167.78
Compressor Labor $0.65 $0.65 $0.65 $0.65 $0.65

Indoor
Unit

Coil Materials $24.61 $30.28 $30.32 $41.25 $47.37
Coil Labor $1.98 $2.18 $2.22 $2.58 $2.79
Electrical Materials $0.00 $0.00 $0.00 $0.00 $0.00
Electrical Labor $0.00 $0.00 $0.00 $0.00 $0.00
Miscellaneous Materials $6.43 $6.80 $8.66 $11.55 $14.13
Miscellaneous Labor $1.51 $1.52 $1.52 $1.53 $1.56
Fan Materials $0.00 $0.00 $0.00 $0.00 $0.00
Fan Labor $0.00 $0.00 $0.00 $0.00 $0.00
Cabinet Materials $14.83 $15.45 $15.92 $17.98 $21.65
Cabinet Labor $1.35 $1.39 $1.37 $1.28 $1.36
Plumbing Materials $9.22 $7.65 $10.91 $12.03 $16.36
Plumbing Labor $6.35 $6.45 $6.62 $6.62 $6.84

Other Refrigerant Matl $4.18 $4.70 $5.60 $6.11 $8.08
Refrigerant Labor $0.36 $0.36 $0.36 $0.36 $0.36
Indirect Labor $10.89 $11.24 $11.38 $11.66 $12.07
Indirect Material $6.85 $6.92 $6.95 $6.95 $7.01
Equipment Depreciation $4.59 $4.78 $5.99 $6.59 $7.47
Building Depreciation $7.50 $7.58 $11.70 $13.59 $15.47
Maintenance $2.81 $2.90 $3.07 $3.20 $3.41
Utilities $2.61 $2.67 $3.82 $4.36 $4.95
Taxes $3.31 $3.71 $4.21 $4.76 $5.29
Insurance $2.94 $3.30 $3.74 $4.23 $4.70
Freight-Out $22.03 $22.26 $34.33 $39.89 $45.41

Total $367.36 $412.29 $467.77 $528.96 $587.52
Direct Material $278.71 $320.86 $355.86 $406.21 $452.90
Direct Labor (incl. benefits) $25.12 $26.06 $26.72 $27.52 $28.83
Overhead (incl. benefits) $41.49 $43.10 $50.86 $55.34 $60.37
Full Cost (no freight-out) $345.33 $390.03 $433.44 $489.08 $542.10
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Split Heat Pumps - 3-Ton (7/12/99)
Efficiency Standard (SEER) 10 11 12 13 14
Relative Cost 1.00 1.00 1.11 1.35 1.63
Cost Component
Outside

Unit
Coil Materials $52.03 $55.25 $63.07 $70.12 $89.25
Coil Labor $4.33 $4.22 $4.54 $4.67 $5.44
Electrical Materials $80.26 $79.03 $80.01 $102.25 $154.59
Electrical Labor $4.19 $4.17 $4.20 $4.34 $4.90
Miscellaneous Materials $5.81 $5.94 $6.74 $7.03 $7.30
Miscellaneous Labor $1.77 $1.78 $1.84 $1.86 $1.88
Fan Materials $4.83 $4.45 $4.94 $5.19 $5.14
Fan Labor $0.19 $0.19 $0.19 $0.19 $0.19
Cabinet Materials $16.35 $16.85 $19.41 $20.54 $21.23
Cabinet Labor $2.48 $2.55 $2.62 $2.66 $2.63
Plumbing Materials $33.34 $42.53 $37.75 $38.14 $28.44
Plumbing Labor $10.69 $10.95 $11.16 $11.26 $12.71
Compressor Materials $124.23 $144.15 $153.23 $169.20 $225.00
Compressor Labor $0.51 $0.51 $0.51 $0.51 $0.51

Indoor
Unit

Coil Materials $30.64 $30.03 $34.18 $35.84 $30.14
Coil Labor $2.11 $1.90 $2.20 $2.23 $1.95
Electrical Materials $48.05 $47.76 $48.18 $123.67 $176.66
Electrical Labor $3.18 $3.18 $3.18 $4.23 $4.57
Miscellaneous Materials $15.69 $11.33 $15.71 $22.20 $18.75
Miscellaneous Labor $1.96 $1.87 $1.96 $1.98 $1.93
Fan Materials $5.71 $5.06 $5.80 $5.90 $6.05
Fan Labor $0.66 $0.65 $0.66 $0.69 $0.72
Cabinet Materials $23.30 $16.10 $23.11 $25.63 $21.21
Cabinet Labor $1.88 $1.67 $1.79 $1.84 $1.69
Plumbing Materials $9.47 $6.57 $7.45 $6.67 $13.73
Plumbing Labor $6.63 $5.11 $6.74 $6.74 $5.76

Other Refrigerant Matl $5.75 $6.01 $6.01 $8.55 $11.86
Refrigerant Labor $0.42 $0.42 $0.42 $0.42 $0.42
Indirect Labor $20.67 $19.86 $21.09 $22.17 $23.52
Indirect Material $11.76 $11.36 $11.69 $11.77 $11.59
Equipment Depreciation $8.60 $7.80 $9.52 $10.09 $10.19
Building Depreciation $14.63 $11.92 $18.09 $20.12 $19.24
Maintenance $11.42 $11.29 $11.50 $11.56 $11.65
Utilities $5.06 $4.30 $6.02 $6.59 $6.42
Taxes $5.60 $5.60 $6.21 $7.56 $9.09
Insurance $4.97 $4.98 $5.52 $6.72 $8.08
Freight-Out $42.88 $34.95 $53.05 $59.00 $56.41

Total $622.05 $622.25 $690.29 $840.12 $1,010.83
Direct Material $455.47 $471.04 $505.60 $640.92 $809.33
Direct Labor (incl. benefits) $40.98 $39.16 $42.00 $43.62 $45.31
Overhead (incl. benefits) $82.71 $77.10 $89.64 $96.58 $99.78
Full Cost (no freight-out) $579.17 $587.30 $637.24 $781.13 $954.42
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Split Heat Pumps - 3-Ton (continued) (7/12/99)
Efficiency Standard (SEER) 15 16
Original Relative Cost 1.84 1.97
Cost Component
Outside

Unit
Coil Materials $92.32 $92.32
Coil Labor $5.95 $5.95
Electrical Materials $199.70 $199.70
Electrical Labor $5.53 $5.53
Miscellaneous Materials $7.37 $7.37
Miscellaneous Labor $1.89 $1.89
Fan Materials $5.93 $5.93
Fan Labor $0.19 $0.19
Cabinet Materials $22.03 $22.03
Cabinet Labor $2.58 $2.58
Plumbing Materials $27.75 $27.75
Plumbing Labor $15.78 $15.73
Compressor Materials $279.07 $279.07
Compressor Labor $0.51 $0.51

Indoor
Unit

Coil Materials $29.15 $64.29
Coil Labor $1.74 $3.70
Electrical Materials $176.80 $192.55
Electrical Labor $4.57 $4.57
Miscellaneous Materials $22.50 $27.87
Miscellaneous Labor $1.99 $1.99
Fan Materials $6.05 $6.61
Fan Labor $0.72 $0.73
Cabinet Materials $25.07 $27.90
Cabinet Labor $1.45 $1.95
Plumbing Materials $19.78 $22.66
Plumbing Labor $5.44 $11.96

Other Refrigerant Matl $12.78 $12.78
Refrigerant Labor $0.42 $0.42
Indirect Labor $25.49 $29.35
Indirect Material $11.28 $12.63
Equipment Depreciation $10.85 $12.28
Building Depreciation $21.78 $21.78
Maintenance $11.68 $12.44
Utilities $7.11 $7.42
Taxes $10.32 $11.04
Insurance $9.17 $9.81
Freight-Out $63.84 $63.84

Total $1,146.56 $1,227.13
Direct Material $926.30 $988.83
Direct Labor (incl. benefits) $48.75 $57.70
Overhead (incl. benefits) $107.67 $116.76
Full Cost (no freight-out) $1,082.71 $1,163.29
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A.4 APPROACHES TO UNCERTAINTY AND VARIABILITY

Two approaches to consider uncertainty and variability are described here: 

C scenario analysis and 
C probability analysis.

Scenario analysis uses a single numerical value for each quantity in a calculation, then
changes one (or more) of the numerical values and repeats the calculation.  A number of calculations
are done, which provide some indication of the extent to which the result depends upon the
assumptions. For example, the life cycle cost of an appliance could be calculated for energy rates of
2, 8, and 14 cents per kWh.  

The advantages of scenario analysis are that each calculation is simple; a range of estimates
is used; and crossover points can be identified.  (An example of a crossover point is the energy rate
above which the life cycle cost is reduced, holding all other inputs constant. That is, the crossover
point is the energy rate at which the consumer achieves savings in operating expense that more than
compensate for the increased purchase expense.) The disadvantage of scenario analysis is that there
is no information about the likelihood of each scenario.

Probability analysis considers the probabilities within a range of values.  For quantities with
variability (e.g., electricity rates in different households), surveys can be used to generate a frequency
distribution of numerical values (e.g., the number of households with electricity rates at particular
levels) to estimate the probability of each value.  For quantities with uncertainty, statistical or
subjective measures can be used to provide probabilities (e.g., manufacturing cost to improve energy
efficiency to some level may be estimated to be $10 ± $3).  

The major disadvantage of the probability approach is that it requires more information,
namely information about the shapes and magnitudes of the variability and uncertainty of each
quantity.  The advantage of the probability approach is that it provides the greatest information about
the outcome of the calculations, that is, the probability that the outcome will be in any particular
range is provided. 

Scenario and probability analysis provide some indication of the robustness of the policy
given the uncertainties and variability.  A policy is robust when the impacts are acceptable over a
wide range of possible conditions.

A.5 PROBABILITY ANALYSIS AND THE USE OF CRYSTAL BALL

To quantify the uncertainty and variability that exist in inputs to the Engineering, Life-Cycle
Cost (LCC), and Payback Period (PBP) analyses, Microsoft Excel spreadsheets combined with
Crystal Ball (a commercially available add-in) were used to conduct probability analyses.  The
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NORMAL

Figure A.1a Normal Probability
Distribution

TRIANGULAR

Figure A.1b Triangular Probability
Distribution

UNIFORM

Figure A.1c Uniform Probability
Distribution

probability analyses used Monte Carlo simulation and  probability distributions.

Simulation refers to any analytical method meant to imitate a real-life system, especially
when other analyses are too mathematically complex or too difficult to reproduce.  Without the aid
of simulation, a spreadsheet model will only reveal a single outcome, generally the most likely or
average scenario. Spreadsheet risk analysis uses both a spreadsheet model and simulation to
automatically analyze the effect of varying inputs on outputs of the modeled system. One type of
spreadsheet simulation is Monte Carlo simulation, which randomly generates values for uncertain
variables over and over to simulate a model.  Monte Carlo simulation was named for Monte Carlo,
Monaco, where the primary attractions are casinos containing games of chance. Games of chance
such as roulette wheels, dice, and slot machines, exhibit random behavior.  The random behavior in
games of chance is similar to how Monte Carlo simulation selects variable values at random to
simulate a model. When you roll a die, you know that either a 1, 2, 3, 4, 5, or 6 will come up, but you
don't know which for any particular roll. It's the same with the variables that have a known range of
values but an uncertain value for any particular time or event (e.g. equipment lifetime, discount rate,
and installation cost). 

For each uncertain variable (one that has a range of possible values), possible values are
defined with a probability distribution.  The type of distribution selected is based on the conditions
surrounding that variable.  Probability distribution types include: 

During a simulation, multiple scenarios of a model are calculated by repeatedly sampling
values from the probability distributions for the uncertain variables and using those values for the
cell. Crystal Ball simulations can consist of as many trials (or scenarios) as desired – hundreds or
even thousands.  During a single trial, Crystal Ball randomly selects a value from the defined
possibilities (the range and shape of the probability distribution) for each uncertain variable and then
recalculates the spreadsheet.  


